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(57) Provided is a recording medium provided with 
an ink receiving layer on a substrate, wherein said ink 
receiving layer comprises an alumina hydrate having a 
boehmite structure and a non-coupling zirconium com- 
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Descripti n 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a recording medium suitable for ink-jet recording and in particular for output 
of a photographic image, a method for producing the recording medium, an image forming method utilizing the record- 
ing medium, an alumina dispersion and a method for producing the alumina dispersion. 

10 [0002J The ink-jet recording system comprising ejecting minute ink droplets by various principles and depositing such 
the ink droplets onto a recording medium, such as paper to conduct recording an image or a character, is becoming 
r&p]d\y popular in recent years in various applications in recording various images including the information processing 
equipment, because of features such as a high speed, a low noise level, ease of murti color image formation, flexibility 
in the recorded pattern, absence of necessity for image development or fixation etc. Also, the image formed by the 

15 multi-color ink-jet recording system is comparable in image quality to the multi-color printing with printing plates or the 
print by color photography, and is being widely used in the field of full-color image recording as it is less expensive than 
the ordinary multi-color printing or photographic printing when the number of prints is low. 

Related Background Art 

20 

[0003J In the ink-jet recording system, the recording apparatus and method have been improved along with the 
improvement in the recording characteristics such as increase in the recording speed and in the image definition and 
transition toward full-color recording, but requirements of a higher level are being requested also for the recording 
medium. For meeting such requirements, there have been proposed recording media of various forms. For example, 
25 Japanese Patent Application Laid-Open No. 55-5830 discloses an ink-jet recording paper provided with an ink absorb- 
ing coated layer on a substrate, and Japanese Patent Application Laid-Open No. 55-51583 discloses a configuration 
employing amorphous silica as the pigment in the coated layer. 

[0004] U.S. Patent Nos. 4,879,166 and 5,104.730, Japanese Patent Application Lard-Open Nos. 2-276670, 3-215082 
and 3-281383 and a patent application of the present inventors have proposed a recording sheet having an ink receiv- 

30 ing layer employing alumina hydrate having a pseudo boehmite structure. 

[0005] Also, the recording media employing zirconium compound are being increasingly proposed in recent years. 
For example, Japanese Patent Application Laid-Open No. 4-7189 discloses a method for producing a recording 
medium provided with an ink receiving layer containing porous pigment and zirconium compound. Also, Japanese Pat- 
ent Application Laid-Open Nos. 5-85033, 5-85034 and 5-85085 have proposed a recording medium having an interme- 

35 diate layer between the ink receiving layer and the substrate, and disclosed an example of employing a zirconium- 
containing crosslinking agent in the intermediate layer. Also, Japanese Patent Application Laid-Open No. 6-32046 pro- 
poses a recording medium provided with an ink receiving layer containing specified amounts of amorphous silica, a 
vinyl alcohol copolymer containing silanol radicals and a zirconium compound. Furthermore, U.S. Patent No. 4,732,786 
discloses a recording medium provided with an ink receiving layer containing specified amounts of a pigment, a binder, 

40 an insolubilized hydrophilic polymer and a zirconium compound as polyvalent cation. 

[0006] However, the recording media mentioned above can improve the coating strength, but they are still insufficient 
in the ink absorbing ability, resolution or gradation sufficient for reproducing the image quality comparable to that of the 
silver halide-based photography, and are deficient in a water fastness and an image preservability. 
[0007] Also, Japanese Patent Application Laid-Open No. 9-76628 discloses a recording medium provided with an ink 

45 receiving layer containing an alumina hydrate subjected to surface treatment with a zirconium-containing coupling 
agent. However, further improvement in the performance is desired even tor such recording medium, for use on the 
recent photo ink-jet printer that can output a high-quality image comparable to that of the silver halide-based photogra- 
phy. 

[0008] The photo ink-jet printer produces the density gradation by superposing a low concentration ink or inks having 
50 different concentrations in order to obtain smooth gradation which is important in producing a photographic image. For 
this reason, the amount of ink deposited per unit area is significantly larger than that in the conventional ink-jet printer. 
On the other hand, in order to enhance a permeability of ink for enabling image output on plain paper, there is added a 
large amount of surfactant in the ink solvent or there is employed a highly hydrophilic dye. For this reason, even with the 
use of alumina hydrate having a high dyeing ability, the ink tends to bleed in an area of a high ink deposition amount, 
55 thus deteriorating the resolution of the image or causing migration of the dye after the image recording. 

[0009] On the other hand, there have been known various methods for producing an alumina hydrate dispersion. For 
xample, Japanese Patent Application Laid-Open N s. 54-1 16398, 55*23034 and 55-27824 disclose a method for pre- 
paring alumina hydrate gel by reacting a basic aluminum salt with an alkali or an acid or reacting an acidic aluminum 
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salt with an alkali and def loculating the obtained gel to form an alumina hydrate dispersion. Also, a method of hydrolyz- 
ing aluminum alkoxkte to prepare alumina hydrate and defloccuiating it with an acid to obtain alumina hydrate disper- 
sion is proposed, for example, in Japanese Patent Application Laid-Open Nos. 57-88074, 62-56321, 4-275917, 6- 
64918. 7-10535, 7-267633, U.S. Patent Na 2,656,321 and Am. Ceramic Soc. Bull., 54, p. 289 (1975). 

5 [001 0] However, for obtaining an alumina hydrate dispersion with a def locculant such as acid, it is necessary to add 
a large amount of def locculant as described in Japanese Patent Application Laid-Open Na 62-56321. If the amount of 
def locculant is too little, there will be required a longer time for deflocculation or there will result insufficient defloccula- 
tion. Japanese Patent Application Laid-Open Na 7-10535 discloses a method of executing def locculation at a high tem- 
perature and under pressure in order to reduce the amount of the def locculant and the time required for def locculation, 

10 but such deflocculation at high temperature and under pressure requires a pressurized reactor. Also the use of acid at 
high temperature and under pressure results in various limitations in manufacture such as a reduced service life of the 
reactor. 

[001 1 ] Furthermore. Japanese Patent Application Laid-Open No. 6-06491 9 discloses a method of adding an acid to 
alumina hydrate and applying an ultrasonic treatment to obtain a sol, but such method not only requires a special facility, 
15 thus involving limitations in the manufacture, but also results in difficulty in deflocculation and dispersion and in a short 
pot fife at a high solid concentration. 

[001 2] Also, as described in Japanese Patent Application No. 7-10535, a gel tends to be produced at a high solid con- 
centration in case a large amount of acid is used for deflocculation, so that an alumina hydrate dispersion of a high con- 
centration has been extremely diff icult to obtain. 

20 [001 3] The alumina sol of a high concentration and a low viscosity has been proposed in various forms such as a form 
containing a water-soluble aliphatic amino acid or a lactam derived therefrom (refer to Japanese Patent Application 
Laid-Open No. 61-283335), a form containing an acid amide (refer to Japanese Patent Application Laid-Open No. 1- 
171633), or a form with a defined content of cations other than a hydrogen ion (refer to Japanese Patent Application 
Laid-Open No. 8-295509). However, even the dispersion of such forms shows insufficient stability when a water-soluble 

25 or water-dispersible polymer is mixed for obtaining a binding property or a shaping property for the purpose of forming 
a coating material, paint, bulk ceramics or catalyst carrier, and there cannot be obtained a sufficiently low viscosity or a 
sufficiently long pot life. 

SUMMARY OF THE INVENTION 

30 

[0014] In consideration of the foregoing, an object of the present invention is to provide a recording medium allowing 
a wide selection of inks, showing little ink migration or bleedng, a high optical density in the printed area, satisfactory 
transparency and showing excellent halftone reproduction particularly in the output of a photographic image, and an 
image forming method utilizing such the recording medium. 
35 [001 5] Another object of the present invention is to provide a method for producing the recording medium, with coating 
dispersion of excellent stability with a high pH and with little corrosion, and without requiring a special manufacturing 
facility. 

[0016] Still another object of the present invention is to provide an alumina dispersion showing an excellent binding 
property and shaping property, and having a high solid concentration, a low viscosity, excellent stability of dispersion 
40 and a long pot life. 

[001 7] Still another object of the present invention is to provide a method for producing the alumina dispersion of the 
above-mentioned properties, in an easy manner without any special manufacturing facility. 
[0018] The above-mentioned objects can be attained according to the present invention in the following manner. 
[001 9] According to the present invention there is provided a recording medium provided with an ink receiving layer 
4$ formed on a substrate, wherein the ink receiving layer comprises an alumina hydrate having a boehmite structure and 
a non-coupling zirconium compound. 

[0020] According to the present invention there is also provided a method for producing a recording medium by form- 
ing an ink receiving layer on a substrate, which comprises applying and drying, on the substrate, a dispersion compris- 
ing an alumina hydrate having a boehmite structure, a non-coupling zirconium compound and a binder, thereby forming 
so the ink receiving layer. 

[0021] According to the present invention there is further provided an image forming method by ejecting an ink from 
a minute orifice and depositing it on a recording medium to form an image, wherein the recording medium is any one 
of the aforementioned recording medium. 

[0022] According to the present invention there is still provided an alumina dispersion comprising an alumina hydrate, 
55 a binder, and an inorganic salt and/or an organic acid salt of zirconium. 

[0023] According to the present invention there is also still provided a method for producing an alumina dispersion 
which comprises mixing and dispersing a binder into a dispersion comprising an alumina hydrate and an inorganic salt 
and/or an organic acid salt of zirconium. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] The recording medium of the present invention has a configuration provided, on a substrate, with an ink receiv- 
ing layer composed principally of an alumina hydrate having a boehmite structure, a non-coupling zirconium compound 
5 and preferably a binder. 

[0025] Alumina hydrate is a preferred material for use in the ink receiving layer since it shows satisfactory fixation of 
a dye in the ink, provides an image of satisfactory color appearance and is free from drawbacks such as change of black 
ink into brown color or insufficient light fastness, because of its positive charge. 

[0026] For use in the recording medium of the present invention, most preferred is an alumina hydrate having a boe- 
10 hmite structure in the X-ray diffraction because of a high dye adsorption, an ink absorption and a transparency. 
[0027] The alumina hydrate is defined by the following general formula: 

At203-n(OH) 2n -mH 2 0 

is wherein n is an integer of from 0 to 3 and m is a value within a range of from 0 to 10, preferably from 0 to 5, provided 
that m and n are not zero at the same time. The presentation mH 2 0 indicates a detachable water phase which is in most 
cases not involved in the formation of a crystal lattice, and, for this reason, m may assume a non-integral value. 
[0028] A method for producing an alumina hydrate having a boehmite structure to be contained in the recording 
medium of the present invention is not particularly limited, and there may be employed any method capable of produc- 

20 irrg an alumina hydrate, such as Bayer process, a process of alum pyrolysis and the like. A preferred method consists 
of hydrolyzing long-chain aluminum alkoxyde by the addition of an acid. Use of alkoxyde having 5 or more carbon 
atoms, particularly having 12 to 22 carbon atoms, is preferred since it facilitates elimination of alcohol and shape control 
of the alumina hydrate having a boehmite structure as will be explained later. The above-mentioned method has an 
advantage of low contamination by impurities such as various ions, in comparison with methods for producing an alu- 

25 mina hydrogel or a cationic alumina. Also the long-chain aluminum alkoxyde, allowing easy elimination of alcohol after 
hydrolysis, provides an advantage that alcohol can be completely eliminated from alumina hydrate, in comparison with 
the case of employing short-chain alkoxyde such as aluminum isopropoxide. 

[0029] The alumina hydrate obtained by the above-mentioned method can subjected to grain growth by a hydrother- 
mal synthesis or can provide an alumina hydrate powder by drying. 

30 [0030] The crystal of alumina hydrate having a boehmite structure is generally a layered compound showing a large 
(020) plane, and shows a specific diffraction peak on the X-ray diffraction chart. The boehmite structure can be a com- 
plete boehmite structure or a pseudo-boehmite structure containing excess water between (020) planes. In the X-ray 
diffraction pattern, the pseudo-boehmite structure shows a broader diffraction peak than in the complete boehmite 
structure. As the complete boehmite structure and the pseudo-boehmrte structure cannot be clearly distinguished, an 

35 alumina hydrate in the present invention includes both boehmite structures unless specified otherwise. 

[0031] Trie recording medium of the present invention containing an alumina hydrate having a boehmite structure, 
preferably has a crystallinity within a range of from 1 5 to 80. Within such range, the medium shows a high optical density 
in the printed area, and is reduced in bleeding, beading or repelling. 

[0032] Trie crystallinity of the recording medium is an amount obtained from a ratio of an intensity at 26=10° to a peak 
40 intensity of a (020) plane appearing at 26=1 4 to 1 5° in the X-ray diffraction pattern with CuKa rays measured for a pow- 
dered recording medium, as shown in Japanese Patent Application No. 8-132731 by the present inventors. The crys- 
tallinity is a physical quantity corresponding to the ratio of crystalline portions to amorphous portions of a alumina 
hydrate present in the recording medium. 

[0033] Also in the present invention, the terms "Weeding'* means a phenomenon that a colored area becomes wider 
45 (larger) than the printed area, in case of solid printing of a predetermined area. The terms t>eading" means a phenom- 
enon that grain-shaped unevenness in density occurs due to coagulation of ink droplets each other appeared in the 
solid printed area. Also, the terms "repelling" means a phenomenon that uncolored spots occur in the solid printed area. 
[0034] It is preferred that the degree of parallefization between the microcrystals of an alumina hydrate having a boe- 
hmite structure and the plane direction of the ink receiving layer is 1 .5 or higher. Trie degree of parallelization is defined 
so in the crystallinity in the following examples. A degree of parallelization of 1 .5 or higher is preferred because the printed 
dot shows a high circularity. With a degree of parallelization less than 1.5. the circularity of the printed dot becomes 
deteriorated. A further preferred range is 2 or higher, in which the recording medium shows a higher glossiness. 
[0035] Among alumina hydrates, the pseudo-boehmite is known to be present in fibrous and other forms, as reported 
by Rocek J., et al.. Applied Catalysis, 74. p. 29-36 (1991). Trie present invention may employ an alumina hydrate of a 
55 fibrous or planar form. The shape (particle shape, particle diameter, aspect ratio) of an alumina hydrate having a boe- 
hmite structure can be measured by preparing a specimen by dispersing alumina hydrate in an ion-exchanged water 
and dropping th dispersion on a collodion film and observing the specimen under a transmission electron microscope. 
[0036] According to the observation of the present inventors, the planar form shows better dispersibility in water in 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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is wherein n is an integer of from 0 to 3 and m is a value within a range of from 0 to 10, preferably from 0 to 5, provided 
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25 mina hydrogel or a cationic alumina. Also the long-chain aluminum alkoxyde, allowing easy elimination of alcohol after 
hydrolysis, provides an advantage that alcohol can be completely eliminated from alumina hydrate, in comparison with 
the case of employing short-chain alkoxyde such as aluminum isopropoxide. 

[0029] The alumina hydrate obtained by the above-mentioned method can subjected to grain growth by a hydrother- 
mal synthesis or can provide an alumina hydrate powder by drying. 

30 [0030] The crystal of alumina hydrate having a boehmite structure is generally a layered compound showing a large 
(020) plane, and shows a specific diffraction peak on the X-ray diffraction chart The boehmite structure can be a com- 
plete boehmite structure or a pseudo-boehmite structure containing excess water between (020) planes. In the X-ray 
diffraction pattern, the pseudo-boehrrvte structure shows a broader diffraction peak than in the complete boehmite 
structure. As the complete boehmite structure and the pseudo-boehmite structure cannot be clearly distinguished, an 

35 alumina hydrate in the present invention includes both boehmite structures unless specified otherwise. 

[0031] The recording medium of the present invention containing an alumina hydrate having a boehmite structure, 
preferably has a crystallinity within a range of from 1 5 to 80. Within such range, the medium shows a high optical density 
in the printed area, and is reduced in bleeding, beading or repelling. 

[0032] The crystallinity of the recording medium is an amount obtained from a ratio of an intensity at 28=1 0° to a peak 
40 intensity of a (020) plane appearing at 28= 14 to 1 5° in the X-ray diffraction pattern with CuKa rays measured for a pow- 
dered recording medium, as shown in Japanese Patent Application No. 8-132731 by the present inventors. The crys- 
tallinity is a physical quantity corresponding to the ratio of crystalline portions to amorphous portions of a alumina 
hydrate present in the recording medium. 

[0033] Also in the present invention, the terms "bleeding" means a phenomenon that a colored area becomes wider 
45 (larger) than the printed area, in case of solid printing of a predetermined area. The terms "beading" means a phenom- 
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[0034] ft is preferred that the degree of parallelization between the microcrystals of an alumina hydrate having a boe- 
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so in the crystallinity in the following examples. A degree of parallelization of 1 .5 or higher is preferred because the printed 
dot shows a high circularity. With a degree of parallelization less than 1 .5, the circularity of the printed dot becomes 
deteriorated. A further preferred range is 2 or higher, in which the recording medium shows a higher glossiness. 
[0035] Among alumina hydrates, the pseudo-boehmite is known to be present in fibrous and other forms, as reported 
by Rocek J., et a)., Applied Catalysis, 74, p. 29-36 (1991). The present invention may employ an alumina hydrate of a 
55 fibrous or planar form. The shape (particle shape, particle cSameter, aspect ratio) of an alumina hydrate having a boe- 
hmite structure can be measured by preparing a specimen by dispersing alumina hydrate in an ion-exchanged water 
and dropping the dispersion on a collodion film and observing the specimen under a transmission electron microscope. 
[0036] According to the observation of the present inventors, the planar form shows better dispersibility in water in 
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comparison with fiber bundle (f brous) form, and is preferred because, .n forming the ink recemng layer ^Jtom* 
hydSe particles are ori nted in random manner to provide a larger pore volume and a broader por ra*us 
The fiberbundle form means a state in which acicular alumina hydrate partides are gatlwed wrth lateral faces of the 
particles in mutual contact, in a form similar to a hair bundle. 

[0037] An aspect ratio of the planar particte can be determined by a method defined in J ^ n ^f*™™*™ 
NO5-16015. The aspect ratio is a ratio of a diameter of meparlidetoamicknessmereof ^ 
a diameter of a circle of an area equal to the projected area of the alumina hydrate ^cle observe urrfer a micro- 
scooe or an electron microscope. The slenderness ratio is a ratio of maximum and rmmmum diameters of theplanar 
5? in the ££*n sirSaTto that for determining me aspect ratio. In case of fibrous >^«™"2£ 
can be determined by measuring a diameter of the upper or tower circle and a length of a ^«™^f*°** 
acicular partide of alumina hydrate constituting the fibrous bundle andcalculabngtheratod^ 
r0O381 The most preferred shape of alumina hydrate has, in case of planar form, an average aspect rato in a range 
SZ 3 to toT^an average Article size wHhin a range of from 1 to 50 nm. or. in case of f brous £nd e .form .m 
average aspect ratio within a range of from 3 to 1 0 and an average particle length wrthn a range of from I to 50 rm 
The average aspect ratio within the above-mentioned range allows to form a pore between the partdes in formingl fte 
ink r^ng layer or m case of internal addition to the f brous substance, thereby allowing to easily form a porous druc- 
££££ riius distributon of which is shifted broader. Also, the average partide diameter or the »W P«*» 
Zth wrthin the above-mentioned range similarly allows to form a porous structure wrth a large voluma In a case 
SanTverage aspect ratio is smaller than the lower limit of the above-mentioned range, a pore rad.us d.s*Bx*o .of 
Se ink SngZer will be shrtted narrower, while, if the average aspect ratio is larger than the upper limit of me 
ab^e-mS^^^ 

avenge particle diameter or the average partide length is smaller than the lower limit of the above-mentoned rang* 

me pTeSdius distribution tends to sh« nanower. v^ile. rf me average p^cle diameter or 

isiaSger man me upper limit of me above-mentioned range, the adsorption property for an applied dye tends to be dete- 

25 Sf Aporeproperryofmealuminahydratementionedabovete 

ment of f in^re property, but. for obtaining the recording medium satisfying me requirement for a BET spec* « ^ur- 
See area anda porevdume in me ink receiving layer as will be explained later, rt is preferable to employ an alum.na 
Mr^ra pTe volume wimin a range of from O.t to 1.0 em'/g. A po re vdume larger man the ^^ned 
range tends to generate cracks or powder drop-off in me ink receiving layer, while a ^ e *™^ a *J 
iote-mentioned- range reduces ink absorption, bleeding tends to occur in images due to ink overflow from the ink 
receiving layer, particularly in case of multi-color printing. , 
[0040] Also the BET specific surface area of an alumina hydrate is preferably within a range of from 40 to 500 m /g. 
In a case that a BET specific surface area is small than me above-mentioned range, a glossiness of the .nk recemng 
layer will be decreased and a haze le/el will be increased so that the printed image tends to become hazy. Also, me 
surface area larger than me above-mentioned range tends to generate cracks in me ink receiving layer. 
[0041] The ink receiving layer can be formed on me substrate through steps of applying a dispersion of me alumma 
hvdrate and drvina such the dispersion. 

Sott] The ink receiving layer of the recording medium of the present invention further contains a ^.rconium com- 
pound which does not directly combine wrth me alumina hydrate having me above-mentioned boehmite sector* The 
above-mentioned zirconium compound, in combination with me alumina hydrate r«v,ng a^ehmrte ^udura can 
exhibit effects high in adsorption for a dye contained in the ink and prevention of Weeding, in me ink receiving layer 
[0043] In inks for a recent ink-iet printer, as explained in the foregoing, mere is employed a large < *nount 
or a higher hydrophilic dye in order to increase an ink permeability into plain paper. Because of * he ^9" ^P"' 1 ^ 
of the dye. even after me ink is combined wrth a pigment pradically serving as a dye adsorbent, me adsoibed dye may 
migrate together wrth me ink components which are later delivered for example in superposed printing or may migrate 
even by me moisture in me air, so that such me inks tend to cause bleeding, dot gain, migrator, <*^e* eto Onthe 
other hand, in me recording medium of me present invention employing me combination of me alumina hydrate having 
a boehmite strudure and a non-coupling zirconium compound that does not combine diredly wrth alumina hydrate, me 
zirconium compound charges me surface of alumina hydrate to increase me cationfe charader thereof, thus enhancing 
me adsorbing properly for anionic dyes prindpally employed in me field of an ink-jet system. Consequently, the record- 
ing medium of the present invention shows extremely little bleeding in superposed printing or migration even under a 
high-temperature and high-humidity conditions. In me present invention, the non-coipling zirconium compound means 
a zirconium compound mat is not chemically combined with me alumina hydrate. 

[0044] The above-mentioned effert is exhibited by a fad that me above-mentioned zirconium compound is ionized at 
me time of applying an ink to absorb a dye strongly, and is therefore not observed in a compound having a low .onicrty 
mat diredly combines with me alumina hydrate, such as a zirconium based coupling agent. Incidentally, a bonding state 
between me alumina hydrate and me zirconium compound can be examined by me chemical shift in me X-ray photo- 
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conp^son wrth fiber bundle (fbrous) form, and is preferred because, in forming the ink receiving layer, the alumina 
?£S^!2n r ° nen,ed rand ° m mBnnar t0 pfWide 3 lar9er P° re and a broad * P« radius dstribution 

oSd^in^J^l^" 5 3 m ? iCh aCiCUtar a,Umina P***** ^ S 3 *^^ with lateral faces of the 
particles in mutuaJ contact, in a form similar to a hair bundle. 

5 KeoTs^^l* 16 pla T I?*? 090 te determined by a me,hod de,ined in Japanese PuWicafon 

■ T !? * 3 ° 01 3 d,ameter ° f the par1ide to a thickness hereof, wherein the diameter means 
t^T™ a „ . J!? 6 a " ^ 6qUal 10 the P"*'*** «» 01 *e Mrate particle observed under a micrc- 

IZZZ!^!""??* The s,enderness ra «° is a ratio of maximum and minimum diameters of the planar 
io S?h hI !^ S,m,Iar tottla,f0f determining the aspect ratio. In case of fibrous bundle form, an aspert ratio 
aTcSL^STJ.n 3 diam6ter ^Wer or lower cirde and a length of a cylinder constftutelby each 

offrS, Shape ° f , alum,na hydrate has. in case of planar form, an average aspect ratio in a range 

of from 3 to 10 and an average particle size within a range of from 1 to 50 nm. or, in case of fbrous bundle form an 
average aspect rate wrthin a range of from 3 to 10 and an average partide length within a range of fr^ to Mnm 
15 ™ e averaae ***** rat '° " m n the above-mentioned range allows to form a pore between the partides in forrtngTe 

Z JZSZ .EXl " M "? n °1 * ^ bf0ader ^ me avera a e Article diameter or the average partide 
ength wrth.n the above-mentioned range similarly allows to form a porous structure with a large pore volume Inacase 
that an average aspect ratio is smaller than the lower limit of the above-mentioned range, a poreradius distribution of 

above-merited range, rt becomes drff cult to produce an alumina hydrate with controlled partide diameter Also if the 
th» Pa ^!fS 8ter ° r ** aVera9S len9lh is smaller **" *• '°wer limit of the above-mentioned range 

[0039] A pore property of the alumina hydrate mentioned above is adjusted in the course of preparation, to the adjust- 

ESJSS" - Pr0P !^' 1 ^ ° b1ainin9 th6 m6dium the requiremems^a BET spedfS- 

S a te 3 ^ Ume * he ink receivin9 layer 35 wBI be ex P ,ained later - « is preferable to employ an alumina 
SSJJTI ^ P0r6 " !S 8 ra " 9e 01 fr ° m 01 to 10 cm3/ 0- A P°'« vdume larger than the aWe-mentioneo 

!f "PS" drOP ^ in ink reC6ivin9 ,ayer " ** a P° re "> ,ume smaller than thl 
above-mentioned range reduces ink absorption, bleeding tends to occur in images due to ink overflow from the ink 
receiving layer, particularly in case of multi-color printing. overriow irom tne inK 

E^L^' the Jf F SP !f C SUrfaCe ar6a0fan alumina is Preferably within a range of from 40 to 500 m 2 /g 

lalt"Tb^™IS ,C a ^ f T ! !T aJI ,han *» above-mentioned range, a glossiness of the ink receiving 
layer will be decreased and a haze level will be increased so that the printed image tends to become hazv Also the 
surface area larger than the above-mentioned range tends to generate aacks in thV ink receMnX*. 

S JXSSSXSS ^ °" *~ SUbSfra,e ^ ^ * ^ a <* the aiumto* 

SL^HolT^Tl 1 " 6 r !T din9 m6diUm * *" pr6Sent invention farther "'"t 8 " 18 a com- 
aZf 1122? d,reCtty COmb,ne "* the having the above-mentioned boehmfte structure. The 

Tl "^^°T Und - COmbination ^ 106 ■»**■ hydrate having a boehmite structure. caJ 
SSS I r^T^ 3 *• in tha ink ^ P rwertion <* "^ing. in the ink receiving layer. 

oS h£ nSrShi^ T 16 ' 35 8XP,ained 1,18 f0re9 ° in9 ' there 15 a ^e of suEant 

or a higher hydrophilic dye »i order to increase an ink permeability into plain paper. Because of the hioh hvdroohHicitv 
of the dye. even after the ink is combined with a pigment practically servnhg asTdye aS^^ad£ib2KtS2 
migrate together wHh the ink components which are fater delivered for example iSSSSSSZ « 
*™ b h y * e . mo ' sture " *• *>. so that such the inks tend to cause bleeding, dot gain. nSgrafeS TS^Z oS toe 

££2 fte present invention fta -«*ASS12!^ 

~ e ^ a non-coupling zirconium compound that does not combine directly with alurrtnahydrate the 

z-rco^corrpourxtc^ges the surface of alumina hydrate to increase the cationic character toereT^s enh^Lho 
the adsorbmg property for anionic dyes prindpally employed in the field of an ink-jet system O^^Z^S 
-ng medium of the present invention shows extremely little Weeding in superposed S£ ^ a 

tt^ZT"'* and j^ h - humid ^ ^ftons. h toe present invenlionZ non^n^rLTunTc^^^ 
fnZT ^ corrpound that « not chemically combined with the alumina hydrate. urn compound means 

EL ^^^r^sdeffect is exhibited by a fad that toe ab<)ve-mentfoned zirconium cor^ 
^ ^ 9 30 '" k t0 absort> 3 *• Stron9ly - ^ « therefore not observed in a compound h^ a ™S 

bleTtoe^nrh^^^ ^ " 8 ^ C °^ in9 a 9^^^^S 

between toe alumina hydrate and the zircomum compound can be examined by the chemical shift in toe X-ray photo- 
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electronic spectroscopy (XPS or ESCA. hereinafter collectively represented as "ESCA"). 

ZSTZ terr^gration" referred to in the present invention means diffusion ^displacement of the dy with 
Kse d Z 7 the ^receiving layer, resulting in gradual blurring and "e^i^^^r^^mage_ 
K»46] It has also been found out in the present invention that a halftone reproducibHrty can be improved I by ihe oom 
K use T^e aTuZa hydrate having a boehrnite structure and the non-coupling zirconium «n*^ JRne hatftone 
wo^^^n^* requirement in the output of the photographic image. However, in the 
Z^^esertkrathe denstty gradation by superposed printing with a low-concentration ink or inks having drffer- 

the deference in hue between a shadow area with a high dye ccncentra^"" and a highly area ^ 
tration This is Dresumably because the dye concentration is extremely low in the highlight area representee! oy tne row 
SSr^n^rlT^the change in E. is easi.y caused by a ^ leering 

recording medium of the present invention, however, the dye is easily adsorbed on the surface « hydrate par 

S Sthe zirconium compound charges such particle surface. Consequently 'J^S^ZSX!5S^ 
pores present in the alumina hydrate particles, thus reducing light scattenng and leading to extremely little change in 
the hue in the highlight area and excellent halftone reproducibility. .«,-«» -him 

tSn On the (Z hand, accorting to the investigation of the present inventors in case of <*^"*«»^ 
a^a zirconium compound, satisfactory halftone reproduction is difficult to achieve because the silica particles of suf- 
ficient ink receivability shows strong light scattering by the particles themsetves^ 

100481 The zirconium compound of the present invention also contnbutes to the stability of dispersion otaiumina 
KdSa and thus^er^VsTdefloc^lam The terms "def lobulation" means a phenomenon where the parties are 
KSte^n^kfrneTm^ strong repulsive force between the particles in such liquid medium, n order 
i repulsive force, the particle is required to be charged and to form an electric double layer by 
5JS£n S fofof SeXsite pdariTtorneutralizing such charge. Such electric douHe layer cai«es electic- 
StS^SSn thus prevertingapproaching of the partides. The def locculation does not take place if the particle is 
x not charaed and is not provided with the electric double layer on the surface. . 
SST Due to M 1* zirconium compound is acidic in the liquid medium, it serves to charge the 
parities and £ the anfonic character, to form an electric double layer on the surface of the a.um.na hydrate parbcles, 

ST tSSSSS^SK achieved by alkali salts or alkali ear* sa.ts. For deflocculating the alumina hydrate 
Ses toefe aTacS such as nitric acid or hydrochloric ackt which is a genera, def locculant For forming 

TnfokfecS^^ 

ooint coating ItauW of a high solid content. It is therefore required to prepare an alumina riydrate dispersion of a n.gn 
ro^aton Khaete required a large amount of acid therefor resuming in decreasing pH of thedepersnn. so thai 
Z ZT^^ ma^Tin the marLcturing tacilfty or in the storage, but also a viscosity of the 
tTbeSX However, the zirconium compound of the present invention does not easrty resuft in such pH reduc- 
SorTTninS ofpTeparation of an alumina hydrate dispersion of high concentration, and can therefore reduce the 

rlS^ InSpSent invention, there can be employed any zirconium compound that is not directly combined with 
Sat^eS: areparticularly preferred ^gartc^a^ organfoaod ^ z^,um Sp^,c exam- 
ples of such zirconium compound include halfctes such as ZrOO* -nH^ Zr^C '^l 4 ^l 3 . ZrCfe. ^ ZrB 3. 
ZrBr, ZrU ZrU ZrU ZrF 4 , ZrF 3 and ZrF 2 . oxo acid salts such as Zr(N0 3 ) 4 • nHaQ *( N0 3)2* n ^°' 

v7«HO ZrOf'soT) Zt(h!p0 4 ) Zrplo,. ZrSiCv, (NH^ZrOtCOa)* ZrOtCOafe • nHaO and ZrO(OH) 2 • nHA 
aS^ic aS 2E* * Saceta^W^e! zircony. stearate. zirco^y. octate. zircony. 1 Mi and 
zS^date. and such zirconium compounds may be used singly* asamjurc "JjJ*^ „ 
15 [0052] An amount of the above-mentioned zirconium compound to be added is preferably so selected toat^a zirco 
Xlna £<U«A> 'a«o is within a range of from 1 .0 x 10* to 1 .0 x 10\ ^^^^^^ 
conium compound tends to resuft in a large change in a dye hue after P"^^^^^^^^ 
the coating liquid, while an excessively small amount of the zirconium compound reduces the dye adsorbing property. 

m^nThvdrate and a zirconium compound, in order to effectively achieve def locculation of alumina hydrate particles and 
0^3 the auSna hydrate dspersion after mixing the binder. The zirconium compound may be 
Sn^cSthe^S medium. S the alumina hydrate particles and the binder may be 
su^on or iTe zirconium compound and the binder may be added successively to an alumna sol or an alumina 
ss slu^wh^ the aluTna hydra^articles are dispersed. Also, a similar effect can be attained by simuftaneous add,- 

tion of the alumina hydrate particles and the zirconium compound to the liquid medium. 

m -SSSSdJin of the present invention can easily attain a high concentration wrth a solid content of 
SVar higher at a redely high P H of 3.0 or higher, by the use of an inorganic salt and/or an organic acd saft of z,r- 
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electronic spectroscopy (XPS or ESCA hereinafter collectively represented as "ESCA") 

Setose 2 £ rete T 10 fn * e preS6nt invention means ^ displacement of the dye with 

nStff ? 1 ^T" 19 ^ resuW " 9 in gradual ^"9 and bleeding of the recorded image. 

Jh * ° °* *™ pr6Sent invention «"* a haWone reproducibility can be improved by the com- 

S^Ts a^Z^" ^l^" 6 StrUCtUre and the "-""I** compound. Fine halftone 

Z^TJ?JZT^t^ requirement .n the output of the photographic image. However, in the image forming 
^r^PrZ^ n9 J^^,?!? ti0n by SUPeffX5Sed Printin9 3 ^concentration ink or inksSng d2 
Z P ^ y e T? l ? yBd recent P" 0 ^ 1 ^ '"Net printers, the hue tends to vary because of 

^ difference m hue behve^a shadow area with a high dye concentration and a highlight area with a low dye concen 
^ <s presumably because the dye concentration is extremely low in the highlight area represented by the low 

tiSTXlZ PreSer L m T t,0n ' h0WSVer - dye is easily adsorbed on the surface of alumina hydrate par- 
oot2 JillTZ!", ^ *"* ***** Consequently the dye does not intrude into the Z 

ZZ^T* h ?, alumina hydrate particles, thus reducing light scattering and leading to extremely little change in 
the hue in the highlight area and excellent halftone reproducibility. 

[0047] On the other hand, according to the investigation of the present inventors, in case of combined use of silica 
ami a zirconium compound, satisfactory halftone reproduction is difficult to achieve because the silica particles of suJ 
f cent ink receivability shows strong light scattering by the particles themselves 

iXL J^h If"*™ 01 <he pr6Sent invention 3)80 contributes to the stability of dispersion of alumina 

221^? S f ' [ d . 6 " occulaflt ™ e terms "deflocculation" means a phenomenon v*era*e particles are 
SSI 3 m t Um ? * e Stron9 repu,sive force *• Prides in such liquid medium. In order 

Z SSSS, J? SUCt \^ U SW ^ thS P 3 ^ 6 is rec » uired t0 be charged and to form an electric double layer by 

S SZ^ ^ l l Pr8V8, ! n9 appr ° aching 01 *• f* 1 ™* 5 - ™» deflocculation does not take place if the partSe % 
not charged and is not provided with the electric double layer on the surface epamcreis 

S~ f^K 0 !?* *? Zi T iUm C ° mpOUnd fe acWic in *• '^"W medium, it serves to charge the alumina hydrate 

[00501 such function cannot be achieved by alkali salts or alkali earth salts. For del locculating the alumina hydrate 
particles, there is required an ac.d such as nitric acid or hydrochloric acid which is a general def Lculant For E» 

point, coating liquid of a high solrd content. It is therefore required to prepare an alumina hydrate disoersion of ahfoh 
concentrate, but there is required a ,arge amount of acid therefor rejoin decr^ SSn s^S 

?b2SS2 n 71°™'!" ^ manUfaCtUrinfl 0r in *• storage, but also a viscosity of the Sp^sTon tonS 
lon^Tn i S 1 ^ OW6Ver - I" Zi : C ° niUm C ° mpOUnd <* the Present invention does not easily result in such P H rSS 
viscoSy of dSSSST 1 ^ a " a ' Umina ^ diSP8rSi ° n ° f W9h COncentration - ^ can therefore reducV^e 

SSL hli™f^ e l iWenfi0n, i 1 T, Can b6 ^ zirconium "^"d *at is not directly combined with 

7r/c& » J« * and aFz ' 0X0 acW 83118 euch as Zrt^-nHjO. Zr^O,), • nhLo ZrfSO,)! 

Zr(S0 4)2 - nH 2 0. ZrO(S0 4 ). Zn^PO,). ZrP^. ZrSi0 4 . (NH 4 )ZrO(C03) 2 . Zr5(Co2> • "HoO aS Z^SoHV nH^' 

n as zirconyi aceta,e - 2irconyi ,acfate - ^ o£rs2S52^is 

S S! ^^' Um C ° mp r ndS m3y 66 used 8in 9* w as a mb *"e of two or more kinds. 

[OOKj An amount of the above-mentioned zirconium compound to be added is preferably so selected that a zirco- 

nia/alumina (ZrCVAl^ ratio is within a range of from 1 .0 x 1 o " to 1 .0 x 1 0 \ An e^Sy^^um the 2- 

IS'SeX.do^^ 

SvdS! !!^ Um C ° mP0Und additi0n fe Pre,erab,y * ^ing a binder to a dispersion containing an alu- 

rmna hydrate and a zirconium compound, in order to effectively achieve deflocculation of alunrtna hydrate DartWes and 

Z r r m !l° f ^ 01 th6 ahjmina ^ d^rsion after mixing the binder. The "ZZ^TS 
SctTn^ ^ medU,n ^ *• -un *" ^ drate ^'e 8 ^ the binder may to STlS h 
slu^^rh rir^'T^ 1 ^ ^ the binder ^ ^ added successively to an aJumina so. or an alumina 
tZJlTf^ tT? ^ di6persed - a simi,ar effect can be attained by sirnultaneous S 

^ ^ ," la P 3 ^ 68 ^ 106 2ircortum compound to the fiquid medium. 

hUl? a 7 na J d i P ! r ?'!. 0f Present invention 030 attain 3 hi 9" concentration with a solid content of 
10%or higher atarelaftvelyhflhpHoi3.0orhiflher.by the use of an ir»ro^c salt andAr an organfe acid s^Tz" 
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conium Thus, there can be obtained the alumina dispersion which remains stable even after toe binder ,s added, and 
S long in a pot life and excellent in binding and shaping properties of the alumina hydrat particles 
roOBSl The ink receiving layer provided in the recording medium of the present invention is preferably so formed that 
S. pTre Sum^Xn a Lge of from 0. 1 to 1 .0 cnAg. When a pore volume of the ink receiving lay* ^larger 
«L to Sve-mentioned range, cracte and powder dropoff in the ink receiving layer terxJ to gene^ 
pore volume is smaller than the above-mentioned range, the ink-absorbing property ,s reduced, so that bleeding tends 
tooccur due to ink overflow from the ink receiving layer, in ^^' m ^^^Z^T^' r0 m 20 Xo 450 n^/a 
[00561 The BET specie surface area of the ink receiving layer is preferably wrthm a range of from 20 oj»0 m /j. 
When a surface area is larger than the above-mentioned range, a glossiness of the ink receiving fayer s towered, 
the primed image tends to become hazy because of the increased level in haze. Also, when a surface area .s smaller 
than the above-mentioned range, cracks tend to generate in the ink receding layer. 

[0057] The BET specific surface area and the pore volume mentioned above can be measured by the nrtrogen 

adsorption/desorption method, after degassing it for 24 hours at 120°C. 

[OOSsT The pore structure of the ink receiving layer is not determined by the alum.na ^^^^^ 
Led by various manufacturing conditions such as a kind and an amount of the binder, concentaticjn v,swsrty and 
d^i^teof the coaling tauid. coating apparatus, coating head, coating amount, amount. ternDeratureandd.rec- 
2S^?SS rSson. in the^nt invention, in order to attain the desired charactenstics of the ink 
receivina laver it is necessary to adjust the manufacturing conditions in an optimum range. 

additives may be arbitrarily selected from various metal oxides, salts of divalent or polyvalent m ^j^f*°™ C 
oSfsubstonces As the metal oxide, there is preferred oxides or hydroxides such as s.l.ca. bona. sH-cabona. silica- 

Soonlfe and barium sulfate, and calcium nitrate, or halides such as magnesium chloride, caloum brom.de. calcium 
S" Z Slde and zinc iodde, Kaolin or talc. As the ^^csJ^ce th^s prrtntf 
quaternary ammonium salts, polyenes and alkylamines. Such addrtrve is preferably added .n an amount not more 

nydr ate and a zirconium compound. The binder can be arbitrarily selected from one or 

dfeoersible DOlvmers Prefened examples of the binder include water-soluble polymers such as polyv.n* alcohol and 
SXSSenS. starch anJmod*ied products thereof, gelatin and modified products thereof case* , and 
n23ied products therS gum arabic. cellulose derivatives such as carboxymethyl cellulose. polyvinyl pyrrolidine. 
^TmS^Z^ks thereof and acrylic acid ester copolymers, and water-dispersible porymers such as 
^Z^'TeZ^^ ^ as SBR latex, functionally modified polymer latex, and vinyl copolymer latex 
such as ethylene-vinyl acetate copolymer latex. 

[0^1] Thewekrtrtratioof the alumir« hydrate to a birrfer is preferably within a range erf ft 
ange. the medium shows a high ink absorbing speed and a high optical density .n the ^"^JISSJ 
amount is lower than the above-mentioned range, a mechanical strength of the inkrecervmg layer becomes '"suff «errt. 
M craS power dropoff tend to generate. When a binder amount is higher than the above-rnentionet grange 
Se ^cLV^cedTthat the ink absorption amount tends to reduca The <^>*> » "» **** 
within a range of from 3:1 to 20:1 in consideration of the ink-absorbing property and the difficulty m crack formation 
when the medium is bent. . ^ ^..^ im/Qn+inn 

[0062] Further, an organic acid may be advantageously employed in the recording ^ um j** e £^^^ 
The effect of such organic acid is to relax the temporarily increase in viscosity (called b.nder shock) pres^maWy 
££& fhe^nteraction with the zirconium compound at the time of mixing the binder « " 

water-di^ersible polymer in the course of coating, though the »^*^^^»! rt ^ e ^ n 22 
use of thlorganic acid allows to prepare the coating liquid in a simple manner without requ.nng a 
or a speciaTequipment in which a high shear rate is loaded in the preparation of the coating ^V^XSSSS 
the action 3an organic acid lowers a pH value of the coating liquid, thereby detenorating toe stability* dispe^on 
Z htact the zirconL compound functions as a buffer for toe organic acid so that the pH is not lowered by such an 
^umt deteSte the aversion stability. Consequentiy the co-use of organic add ratoer improves thed = on 
Lbilrty of the coating liquid, prolonging the pot life. Also it provides an effect of reduang the curl of the recording 
medium immediately after printing, thus improving a feeling in quality of the print and suppressing occurences of fric- 
tion on the recording head and of jamming of the recording medium in the course of pnnting ^ration. 
[00631 The organic acid advantageously errployed in toe present invention is not particularly J im *^ and ^ n ^e 'or 
example, acarboxylfe acid, asulfonic acid or an amino acid. Specie exarrples includes c^^ 
acid. Ltic acid, chloroacetic acd. dicworoac^ic acd. frichlorca^ 
oxyacetic acid, mercaptoacetic acid, glycolic acid, acrylic acid, methacrylic acid, propionic acid, lactic acjd. valenc laod. 
caproic acid caprylic acid, capric acid, lauric acid, mylistic acid, palmitic acid, stearic aod. oleic acid. Hnolic acid, hnoleic 
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coniurrt Thus, there can be obtained the alumina dispersion which remains stable even after the binder is added, and 
which is long in a pot fife and excellent in binding and shaping properties of the alumina hydrate particles. 
[0055] The ink receiving layer provided in the recording medium of the present invention is preferably so formed that 
the total pore volume is within a range of from 0. 1 to 1 .0 cm 3 /g. When a pore volume of the ink receiving layer is larger 

5 than the above-mentioned range, cracks and powder drop-off in the ink receiving layer tend to generate, while when a 
pore volume is smaller than the above-mentioned range, the ink-absorbing property is reduced, so that bleeding tends 
to occur due to ink overflow from the ink receiving layer, in particular in case of multi-color printing. 
[0056] The BET specific surface area of the ink receiving layer is preferably within a range of from 20 to 450 m 2 /g. 
When a surface area is larger than the above-mentioned range, a glossiness of the ink receiving layer is lowered and 

10 the printed image tends to become hazy because of the increased level in haze. Also, when a surface area is smaller 
than the above-mentioned range, cracks tend to generate in the ink receiving layer. 

[0057] The BET specific surface area and the pore volume mentioned above can be measured by the nitrogen 
adsorptiorVdesorption method, after degassing it for 24 hours at 120°C. 

[0058] The pore structure of the ink receiving layer is not determined by the alumina hydrate employed, but is inf lu- 
75 enced by various manufacturing conditions such as a kind and an amount of the binder, concentration, viscosity and 
dispersion state of the coating liquid, coating apparatus, coating head, coating amount, amount temperature and direc- 
tion of drying air, etc. For this reason, in the present invention, in order to attain the desired characteristics of the ink 
receiving layer, it is necessary to adjust the manufacturing conditions in an optimum range. 
[0059] In the recording medium of the present invention, there may be employed various additives as needed. Such 
20 additives may be arbitrarily selected from various metal oxides, salts of divalent or polyvalent metals, and cationic 
organic substances. As the metal oxide, there is preferred oxides or hydroxides such as silica, boria, silicaboria, silica- 
magnesia, titania, zirconia and zinc oxide. As the salt of di- or polyvalent metal, there is preferred salts such as calcium 
carbonate and barium sulfate, and calcium nitrate, or haDdes such as magnesium chloride, calcium bromide, calcium 
iodide, zinc chloride, zinc bromide and zinc iodide, kaolin or talc. As the cationic organic substance there is preferred 
25 quaternary ammonium salts, polyamines and alkylamines. Such additive is preferably added in an amount not more 
than 20 % by weight of alumina hydrate. 

[0060] In the recording medium of the present invention, the binder may be employed in combination with an alumina 
hydrate and a zirconium compound. The binder can be arbitrarily selected from one or more water-soluble and water- 
dispersible polymers. Preferred examples of the binder include water-soluble polymers such as polyvinyl alcohol and 

30 modified products thereof, starch and modified products thereof, gelatin and modified products thereof, casein and 
modified products thereof, gum arabic, cellulose derivatives such as carboxymethyl cellulose, polyvinyl pyrrolidone, 
maleic anhydride and copolymers thereof and acrylic acid ester copolymers, and water-dispersiWe polymers such as 
conjugated diene copolymer latex such as SBR latex, functionally modified polymer latex, and vinyl copolymer latex 
such as ethylene-vinyl acetate copolymer latex. 

35 [0061] TTie weight ratio of the alumina hydrate to a binder is preferably within a range of from 1 :1 to 30:1 , Within this 
range, the medium shows a high ink absorbing speed and a high optical density in the printed area. When a binder 
amount is lower than the above-mentioned range, a mechanical strength of the ink receiving layer becomes insufficient, 
so that cracks and power drop-off tend to generate. When a binder amount is higher than the above-mentioned range, 
the pore volume is reduced, so that the ink absorption amount tends to reduce. The weight ratio is more preferably 

40 within a range of from 3:1 to 20:1 in consideration of the ink-absorbing property and the difficulty in crack formation 
when the medium is bent. 

[0062] Further, an organic acid may be advantageously employed in the recording medium of the present invention. 
The effect of such organic acid is to relax the temporarily increase in viscosity (called binder shock), presumably 
induced by the interaction with the zirconium compound at the time of mixing the binder consisting of water-soluble or 

45 water-dispersible polymer in the course of coating, though the function of such organic acid is not fully clarified. The co- 
use of the organic acid allows to prepare the coating liquid in a simple manner, without requiring a dispersing machine 
or a special equipment in which a high shear rate is loaded in the preparation of the coating liquid, ft is anticipated that 
the addition of an organic acid lowers a pH value of the coating liquid, thereby deteriorating the stability of dispersion, 
but in fact the zirconium compound functions as a buffer for the organic acid so that the pH is not lowered by such an 

so amount to deteriorate the (Aspersion stability. Consequently the co-use of organic acid rather improves the dispersion 
stability of the coating liquid, prolonging the pot life. Also it provides an effect of reducing the curl of the recording 
medium immediately after printing, thus improving a feeling in quality of the print and suppressing occurrences of fric- 
tion on the recording head and of jamming of the recording medium in the course of printing operation, 
[0063] The organic acid advantageously employed in the present invention is not particularly limited and can be, for 

55 example, a carboxylic acid, a sulfonic acid or an amino acid. Specific examples includes carboxylic acids such as formic 
acid, acetic acid, chloroacetic acid, cfichloroacetic acid, trichloroacetic acid, fluoroacetic acid, trimethylacetic acid, meth- 
oxyacetic acid, mercaptoacetic acid, glycolic acid, acrylic add, methacrylic acid, propionic acid, lactic acid, valeric acid, 
caproic acid, caprylic acid, capric acid, lauric acid, mylistic acid, palmitic acid, stearic acid, oleic acid, linolic acid, linoleic 



7 



EP0 965 460 A2 



10 



15 



20 



ac«,ydohexanecarb^^^ 

acki. azipic acid, tartaric acid, male* add. «urnancac,d. £I53d acid, o-melhoxybenzoic 

salidlic acid, p-hydraxybenzoic acd, ^^.^S S r s benzene sulfonic acid, methytbenzene 
acid, m-methoxybenzoic acid arrip-met^^ sulfonjc acjd _ 24 . 

sulfonic add. ^^^SS^ ^^^e '^UpSne, hexane sulfonic add. 
dimethylbenzene sulfonic acid. 5 ^ utt ^ ai,a ^^\ .^5* sucn as glycine alanine, valine, o-aminolactic acd. 

SET r "SSSSEKSS " and s " 

operation. h«rfrate zirconium compound and binder, there may be 

[0065] In the present invention. ,n addition to theto™ hydrate afhjkflty modifier, asur- 

nary ammonium salts and quaternary ammonium salt polymers. , limited and can be 

[0066] in the present invention, the substrate for ^ n ^t"S and resin-coated paper 
25 any sheet-shaped material, tor example, paper sudr t ^^T^t!!S!^ film such as of polyester. 

so L be empfoyed an ordinary method of coating or ^^^^Zsncel^. 
hydrate is either dispersed in water ^^^^^^^Z^^-OpBn No. 9-86035. 

apparatus of stirring type such as a homomixer w ahom^sper ^ ^ or 

0.5 to 60 g/m* for attaining satisfactory ink ^*^ r ^ a SXeraCS ttTcoating. as needed, it is pos- 

. ^-^erS^^ 
Ue or pigment), water^^^^^ 

example by a direct dye. an aad dye. a baswdyea «a*ve dy« >or a nauay . light fastness, etc. 

as there can be satisfied image requirements such as fixatality. colonng ability, snarpness, sra* y, a 

in combination with the recording medium described above. water-soluble 

alcohol; amides such as dimethylformam.de; ,^"^^^^^'^2 ,0 6 ca^n atoms in an alkylene 
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[0066] 

25 



zoic acid. o-nilroberttoicaS^S^ SSTS^^f 6 " 1 * **' m *«*«"»* acid, p-brcrnoben- 
acid. azipic acid, tartaric add nSe^lZt^ IT^' M matonic add - «*** ac «- *** 
5 salidlic acid. p-^roxySc^ a ^ ra S"^ ' ^l 0 * Phthalic 3dd ' iS0 P h °* a «c acid, terephthalfc add. 
acid. ^X^^^'^^T^^l ^ I™*"**""* ac «- c-mS^benzoic 
sulfonic acid, ethylbenzene ^^M^^f^. a °* ^ 85 Mc &CkS - ™*ylb«ene 

dimethylbenzene sulfonic ac«5^S^SfT^^. aC * ^^^^^^ne sulfonic acid. 2.4- 
octane sulfonic add and dSnt^Sc a ^ S l^T*^ 'f*^^ nexane suHbnic add. 
» raminolactic add. p-alanine. SSTSK ^£Sj2£tS? 35 9lanine ' ^ a <*. 
acids may be employed singly or m£££E£!EZ£ ' ^ * P""**** and «* 

SofI!rL^^ 

ering effect of the zircpX, ^"T^* 8 "* reduces * e 

is other hand, an excessively srrall arrJ^m rTth^I a '°" pHand «eter.orating the stability of the dispersion. On the 

Retime of mixin^^^ 

operation. 9 qu,a ' 3110 reduces 106 effect of decreasing the curt after the printing 

factant. a defoaming agent a vS^?na^ 0 en^ n ^™^ U ^ 39ent ' 3 3 f,uk,ily modifier - a st- 
ager* a colored dye. a fluorescent SSSSSt^SS^' 3 re,6aS,n9 39ent a 3 9 errt - a Permeating 
agent The water-Joof * -SSTKSSHSt^^ Z 3 °' 30 
nary amrnonium sate and quaternary a^ZS2?S^ ^ ^ """n « hafogenated quater- 

Kee^s 

coated with polyethylene, or a therZTasSn T^e n ^ no "- sfeed ^ ^ resin^oated paper 

polystyrene, polyvinyl chloride. wlSXaSS* ^ " 
rendered opaque by pigment filler or minute bubble * polyethylene or polycarbonate, or a sheet 

hydrate is enber dispersed ^7^^^^ l^S* ^ 3,Umina hydratft More specifically, alumina 
there may be addeda heatirx^ep^dSo^T.! 'T" 3 " 1 ' 10 9 ,ibrous «*stance. As needed. 
10068] The disoerdrw mSnf ^,1 Japanese Patent Application Laid-Open No. 9-86035 

Lium *»* ^ 3 ^ *^ 'he zi, 

* advantageously errpfoyed a dispersing llXXTJZ^LT?* H**™" 9 m * h0dS - More Really, there is 
apparatus of stirring type mJSSS^^^SS!T " ' " 3 ^ "* w 3 

a gravure coaler and spray water ' 3 ro " «** a *>™» coater. a curtain coater. a bar coater 

40 K^rn^^^ 

faster ink absorbing speed and avcSng cractear^^^^! ^ 5 to 45 g/nf for attaining a 

sible also to improve the surface smoomSfd V"™*™- ™" coating, as needed, it is pos- 
suiface glossiness by cast molding. 9 ay6r " r examp,e catendw ro "s or to increase a 

45 Kp^:^ 

example by a direct dye. an acid dye a bSdve arSlJllt '^preferably a water-soluble dye represented for 
as mere can be satisfied image Z^^^S^^lS^S' ™ ** ***** 38 ,0 " 9 

-n combination with the receding medium descri^S?^ * »9M fastness, etc. 

preferably so prepared that the water S2eS^^^^ eS ^ a ™ ,feM( « 
[0073] Examples of such water J3 ' ,s wrthin a ran 9 e of from 20 to 90 % by weight. 

55 potyalkylene glycols such as polyetfiyleneoSS»SE! SUCh 38 acetor)e - such as tetrahydro- 

moiety such as ethylene glycol- ar^^aZ JS^l 9 ^ 18 2 ,0 6 C3rbon atoms in an alkylene 
Among ^es waJ^:' 1 ^^ 3 ^^^ tJ? ^ 35 e ^ e,en ^ -ethyl ler. 

e.ers.po^rica.ho,s^as W ^gtt 
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ularly preferred are polyhydric alcohols as they are effective as a lubricant for preventing the nozzle clogging resulting 
from precipitation of the water-soluble dye cause by water evaporation from the ink. 

[0074] The ink may further contain a solubilizing agent. The solubilizing agent is represented by nitrogen-containing 
heterocyclic ketones, which drastically can improve a solubility of the water-soluble dye in the solvent. Preferred exam- 
ples are N-methyl-2-pyrrolidone and 1,3<Jimethyl-2-imidazolkJine. There may be further added other additives for 
improving the characteristics such as a surfactant for increasing the permeability of the ink components into the plain 
paper, a viscosity adjusting agent, a surface tension adjusting agent, a pH adjusting agent, and a specific resistivity 
adjusting agent. 

[0075J The image formation by ink deposition onto the above-described recording medium is achieved by ink-jet 
recording method, which can be any method capable of effectively ejecting the ink from a nozzle and depositing the ink 
onto the recording medium. In particular, there can be effectively utilized an ink-jet recording method disclosed in Jap- 
anese Patent Application No. 54-59936 in which the ink subjected to the function of thermal energy undergoes a rapid 
volumic change, and is ejected from the nozzle by a force generated by such state change. 
[0076] In the following the present invention will be explained in more detail by examples thereof, but the present 
invention is by no means limited by such examples. 

[0077] The physical properties used in the present invention were measured in the following manner. 

1 . Crystallinity and Degree of parallelization 

[0078] A recording medium in a sheet form and a powdered ink receiving layer separated from the recording medium 
were subjected to an X-ray diffractometer, and, from the obtained pattern, the intensity at 20=10° and the peak intensi- 
ties of the (020) and (120) planes were measured. Also, an ink receiving layer separated from the recording medium 
was subjected to an X-ray diffractometer to measure the peak intensities of the (020) and (120) planes. Then the crys- 
tallinity and the degree of parallelization were calculated from the following equations: 

Crystallinity = (peak intensity of (020) plane)/(intensity at 20=10°); 

Intensity ratio of the powder = (peak intensity of 
(020) plane of powder)/(peak intensity of (120) plane of powder); 

Intensity ratio of the recording medium (ink receiving layer) = (peak intensity of (020) plane of 
recording medium)/(peak intensity of (120) plane of recording medium): and 

Degree of parallelization = (intensity ratio of recording medium)/(intensity ratio of powder). 

[0079] In the foregoing equations, the X-ray diffraction measurement was executed under the following conditions: 

Measuring apparatus: RAD-2R (trade name, a product of Rigaku DenW Co.); 
Target: CuKa; 

Optical system: Wide-angle goniometer (with bent graphite monochrometer; 

Gonio radius: 185 mm; 

Slit: DS 1°, RS 1°, SS 0.15 mm; 

X-ray output: 40 kV, 30 mA, 

Measuring conditions: 20-6 method with continuous scanning at a pitch of 20=0.02°, with a rate of 2°/min in 20 = 
10° to 90°. 

2. BET specific surface area, pore volume 

[0080] Measurement was carried out by the nitrogen adsorption-desorption method after sufficient degassing of alu- 
mina hydrate and recording medium by heating. 

Measuring apparatus: Autosorb 1 (trade name, a product of Quarrthachrome Co.) 

[0081] 2-1 . The BET specific surface area was calculated by the method of Brunauer et al. (J. Am. Chem. Soc. , 60, 
p.309(1938). 

[0082] 2-2. The pore volume was calculated by the method of Barrett et al. (J. Am. Chem. Soc., 73, p.373 (1951). 
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[0077] The physical properties used in the present invention were measured in the following manner. 
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[0078] A recording medium in a sheet form and a powdered ink receiving layer separated from the recording medium 
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Optical system: Wide-angle goniometer (with bent graphite monochrometer; 

Gonio radius: 185 mm; 

Slit: DS 1°, RS 1°, SS 0.15 mm; 
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3. Particle form 

[0083] A specimen was prepared by dispersing alumina hydrate in ion-exchanged water, then dropping the dispersion 
on a collidion film, and th specimen was observed under a transmission electron microscope (H-500, trade name, a 
5 product of Hitachi Co.) to obtain the aspect ratio and the particle diameter. 

4. Physical properties of coating liquid 
4-1) Dispersion state 

JO 

[0084] A dispersion state was evaluated by visual observation. Dispersion in a satisfactory colloid state without gel- 
lation or precipitation was ranked as "A*, and that of unsatisfactory dispersion with gellation, precipitation or undissolved 
substance was ranked as "C. 

is 4-2) Initial viscosity 

[0085] The viscosity was measured at 25°C with a Brookfiefd rotary viscosimeter (Viscometer, trade name, a product 
of Tokimec Co.) and with a low viscosity adaptor and a No. 2 rotor (rotation of 30 rpm). 

20 4-3) Binder shock 

[0086] A viscous state of the dispersion at the time of mixing a water-soluble polymer and/or a water-dispersible pol- 
ymer with the dispersion was evaluated by visual observation. A dispersion showing gellation by rapid viscosity 
increase was ranked as "C", a dispersion showing a significant viscosity increase immediately after the addition but 
25 recovering f luidcty thereafter was ranked as "B" , and a dispersion maintaining the fluidity with little viscosity increase 
even immediately after the addition was ranked as "A". 

4-4) Pot life 

30 [0087] The dispersion was left to stand in a closed container for 10 days at 25°C, and a viscosity was then measured 
under the conditions same as in Hem 4-2) above, and the pot life was evaluated from a ratio of a viscosity after 1 0 days 
to the initial viscosity. The lower is better. 

4-5) pH 

35 

[0088] A pH value was measured at 25°C with a pH meter (Castany D-14, trade name, a product of Horiba Mfg. Co., 
with a pH electrode 6350-1 0-D). 

4-6) Film forming ability 

40 

[0089] Alumina dispersion was gravure-coated at a coating speed of 200 m/min on a transparent polyester film 
(Lumirror T, trade name, a product of Toray Co.; 100 jim thick) under a corona discharge treatment and was dried at 
120°C to form a coated layer. A coated layer with uniform structure and without cracks even at a dry thickness not less 
than 40 urn was ranked as "AA"; a coated layer showing cracks or damages within a thickness range of from 30 to 40 
45 psr\ was ranked as "A"; a coated layer showing cracks or damages within a thickness range of from 20 to 30 nm was 
ranked as "B"; and a coated showing cracks or damages even with a thickness not more than 20 |xm was ranked as 
The cracks and damages were evaluated by visual observation. 

4-7) Bulk forming ability 

50 

[0090] 1 5 ml of alumina dispersion was placed in a transparent plastic cup (Pack Ace 1 20 cc, trade name, a product 
of Teraoka Co.) and was dried, without covering, for 24 hours in a dry oven of 1 00°C to form a gelled bulk. A gelled bulk 
not showing cracks and not easily broken when manipulated was ranked as "A"; a gelled bulk not showing cracks but 
easily broken when manipulated was ranked as "B"; and a case where the gelled bulk was not formed because of 
55 cracks was ranked as "C". The cracks in the gelled bulk were evaluated by visual observation. 
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5. Transparency 

[0091] A total luminous transmittance {%) of a specimen provided with an ink receiving layer on a transparent PET 
film was measured according to the method of JIS K 7105. with a haze meter (NDH-1001DR trade name, a product of 
5 Ninon Denshoku Co.). 

6. Crack 

[0092] A length of crack of a specimen provided with an ink receiving layer on a transparent PET film was measured 
10 under visual observation. A specimen having no cracks under visual observation was ranked as "A"; a specimen having 
cracks not more than 5 mm in length was ranked as "B"; and a specimen having cracks not less than 5 mm in length 
was ranked as "C". 

7. Glossiness 

15 

[0093] A glossiness of a specimen provided with an ink receiving layer on a white PET film was measured at 7 points 
in the non-printed area with a gloss meter (Gloss Checker IG-320, trade name, a product of Horiba Mfg. Co.) and the 
measured values were averaged. 

20 8. Printing characteristics 

[0094] Ink-jet recording was carried with an ink-jet printer BJC-420J (trade name, a product of Canon Co.) for four- 
color recording of yellow (Y), magenta (M), cyan (C) and black (Bk) with an ink-jet head provided with 128 nozzles at a 
pitch of 16 nozzles/mm, in combination with a regular ink cartridge BC-21 and a photo ink cartridge BC-22 (in compar- 
es ison with the regular inks, the dye concentration is about 1/3 for cyan and magenta inks, about 1/2 for a black ink and 
same for a yellow ink), and in each cartridge evaluation were performed on the following items 8-1-1) to 8-2-7). The 
evaluation of the printing characteristics was conducted solely on a recording medium provided with an ink receiving 
layer on a white PET film. 

30 8- 1 . Evaluation Kerns for regular inks 

8-1-1) Ink-absorbing property 

[0095] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
35 single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot = 40 ng; 360 x 360 dots being printed per square inch). 
Similarly 100 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as W B"; and a specimen in which an ink is attached to the finger at an ink amount of 150 
40 % was ranked as "C". 

8-1-2) Optical density of image 

[0096] The optical density of a solid-printed portion by a magenta ink with an ink amount of 1 00 % was evaluated with 
45 a Macbeth reflective densitometer RD1255 (an optical density of in magenta color was used for evaluation as it was low- 
est among four colors in all the examples). 

8-1-3) Bleeding, beading and repelling 

so [0097] The bleeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y, M, C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100%. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as "B"; and a specimen in which such defects were recognized at the same ink amount was ranked 

55 as "C". 
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5. Transparency 

[0091] A total luminous transmittance (%) of a specimen provided with an ink receiving layer on a transparent PET 
film was measured according to the method of JIS K 7105. with a haz meter (NDH-1QG1DP, trad name, a product of 
5 Ninon Denshoku Co.). 

6. Crack 

[0092] A length of crack of a specimen provided with an ink receiving layer on a transparent PET film was measured 
10 under visual observation. A specimen having no cracks under visual observation was ranked as "A"; a specimen having 
cracks not more than 5 mm in length was ranked as "B"; and a specimen having cracks not less than 5 mm in length 
was ranked as n C. 

7. Glossiness 

15 

[0093] A glossiness of a specimen provided with an ink receiving layer on a white PET f ilm was measured at 7 points 
in the non-printed area with a gloss meter (Gloss Checker IG-320, trade name, a product of Hortoa Mfg. Co) and the 
measured values were averaged. 

20 8. Printing characteristics 

[0094] Ink-jet recording was carried with an ink-jet printer BJC-420J (trade name, a product of Canon Co.) for four- 
color recording of yellow (Y), magenta (M), cyan (C) and black (Bk) with an ink-jet head provided with 128 nozzles at a 
pitch of 16 nozzles/mm, in combination with a regular ink cartridge BC-21 and a photo ink cartridge BC-22 (in compar- 
es ison with the regular inks, the dye concentration is about 1/3 for cyan and magenta inks, about 1/2 for a black ink and 
same for a yellow ink), and in each cartridge evaluation were performed on the following items 8-1-1) to 8-2-7). The 
evaluation of the printing characteristics was conducted solely on a recording medium provided with an ink receiving 
layer on a white PET film. 

30 8-1 . Evaluation items for regular inks 

8-1-1) Ink-absorbing property 

[0095] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
35 single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot = 40 ng; 360 x 360 dots being printed per square inch). 
Similarly 100 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as "B w ; and a specimen in which an ink is attached to the f inger at an ink amount of 150 
40 % was ranked as "C". 

8-1-2) Optical density of image 

[0096] The optical density of a solid-printed portion by a magenta ink with an ink amount of 100 % was evaluated with 
45 a Macbeth reflective densitometer RD1255 (an optical density of in magenta color was used for evaluation as it was low- 
est among four colors in all the examples). 

8-1-3) Bleeding, beading and repelling 

so [0097] The Weeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y, M. C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100 %. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as *B"; and a specimen in which such defects were recognized at the same ink amount was ranked 

55 as "C". 
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8-1-4) Dot gain 

[0098] After printing complicated KANJl characters such as 

"1 \ " X " 

and the like with Y, M, C and Bk inks either in single-color printing or in multi-color combination, the recorded image was 
evaluated by visual observation. The ink amount at the single-color printing was taken as 100 %. A specimen showing 
10 sharp characters with clear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with dear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or significantly inferior in quality under the same condition was ranked as "C". 

8-1-5) Migration 

15 

[0099] After printing a solid grating pattern having four white lines having a width of 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y, M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was left to stand for 7 days in an 
environmental conditions of 30°C and 80 %RH, and was then evaluated by visual observation. A specimen in which 
20 white lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were 
kept without being f Bled in was ranked as "B"; and a specimen in which the white lines of 5 mm were filled in by bleeding 
was ranked as "C". 

8-1-6) Halftone reproducibility 

25 

[01 001 A black gradation pattern of 0 to 1 00 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen where a halftone was formed without change 
in hue from black to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
than gray was evaluated as "C". 

30 

8-1-7) Circularity 

[0101 J Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
were measured under a microscope, and the circularity was defined by "d/D". 

35 

8-1 -8) Curl after printing 

[0102] On an A4-sized recording medium, C and Y inks were printed with an ink amount of 100 % each to obtain a 
solid green print on the entire surface, and the maximum amount of curt immediately after output was measured with a 
40 measuring scale. A maximum curl amount not more than 10 mm was ranked as "A"; a maximum curl amount within a 
range of from 10 to 20 mm was ranked as "B"; and a maximum curl amount exceeding 20 mm was ranked as "C". 

8-2. Evaluation items for photo inks 

45 8-2-1) Ink-absorbing property 

[0103] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot « 40 ng; 360 x 360 dots being printed per square inch). 
so Similarly 100 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as "B"; and a specimen in which an ink is attached to the finger at an ink amount of 150 
% was ranked as "C". 

55 8-2-2) Optical density of image 

[0104] Th optical density of a solid-printed portion, printed with a magenta ink three times, so as to obtain an ink 
amount of 300 %, was evaluated with a Macbeth reflective densitometer RD1255 (an optical density in a magenta color 
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8-1-4) Dot gain 

[0098] After printing complicated KANJI characters such as 

and the like with Y, M, C and Bk inks either in single-color printing or in multi-cola combination, the recorded image was 
evaluated by visual observation. The ink amount at the single-color printing was taken as 100 %. A specimen showing 
10 sharp characters with clear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with clear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or significantly inferior in quality under the same condition was ranked as *C". 

8-1-5) Migration 

15 

[0099] After printing a solid grating pattern having four white lines having a width of 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y, M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was left to stand for 7 days in an 
environmental conditions of 30°C and 80 %RH, and was then evaluated by visual observation. A specimen in which 
20 white lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were 
kept without being f Bled in was ranked as *B"; and a specimen in which the white lines of 5 mm were filled in by bleeding 
was ranked as "C". 

8-1-6) Halftone reproducibility 

25 

[0100] A Wack gradation pattern of 0 to 100 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen where a halftone was formed without change 
in hue from black to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
than gray was evaluated as "C". 

30 

8-1-7) Circularity 

[0101] Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
were measured under a microscope, and the circularity was defined by "d/D". 

35 

8-1-8) Curl after printing 

[0102] On an A4-sized recording medium, C and Y inks were printed with an ink amount of 100 % each to obtain a 
solid green print on the entire surface, and the maximum amount of curl immediately after output was measured with a 
40 measuring scale. A maximum curl amount not more than 10 mm was ranked as W A W ; a maximum curl amount within a 
range of from 10 to 20 mm was ranked as "B"; and a maximum curl amount exceeding 20 mm was ranked as 

8-2. Evaluation items for photo inks 

45 8-2-1) Ink-absorbing property 

[0103] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot = 40 ng; 360 x 360 dots being printed per square inch). 
so Similarly 1 00 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as "B"; and a specimen in which an ink is attached to the finger at an ink amount of 150 
% was ranked as "C". 

55 8-2-2) Optical density of image 

[0104] The optica] density of a solid-printed portion, printed with a magenta ink three times, so as to obtain an ink 
amount of 300 %, was evaluated with a Macbeth reflective densitometer RD1255 (an optical density in a magenta color 
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was used for evaluation as it was lowest among four colors in all the examples). 
8-2-3) Bleeding, beading and repelling 

5 [0105] The bleeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y t M, C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100 %. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as "B"; and a specimen in which such defects were recognized under the same condition was ranked 

10 as "C. 

8-2-4) Dot gain 

10106] After printing complicated KANJI characters such as 

15 

and the like with Y, M, C and Bk inks either in single-color printing or in multi-color combination, the recorded image was 
20 evaluated by visual observation. The ink amount at the single-color printing was taken as 100 %. A specimen showing 
sharp characters with clear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with dear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or signif icantly inferior in quality under the same condition was ranked as "C". 

25 8-2-5) Migration 

[0107] After printing a solid grating pattern having four white lines of a width having 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y, M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was let to stand for 7 days in an envi- 
30 ronmental conditions of 30°C and 80 % RH, and was then evaluated by visual observation. A specimen in which white 
lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were kept 
without being filled in was ranked as "B"; and a specimen in which the white lines of 5 mm were filled in by bleeding was 
ranked as "C". 

35 8-2-6) Halftone reproducibility 

[0108] A Wack gradation pattern of 0 to 300 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen in which a halftone was formed without change 
in hue from Wack to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
40 than gray was evaluated as "C". 

8-2-7) Circularity 

[0109] Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
45 were measured by a microscope, and the circularity was defined by "d/D*. 

Preparative Examples 1 and 2 

Preparation of alumina hydrate A and B: 

50 

[0110] Aluminum dodexyde was prepared by a method described in U.S. Patent No. 4,242,271. Then, aluminum 
dodexyde was hydrolyzed according to a method described in U.S. Patent No. 4,202,870 to obtain an alumina slurry. 
Then, water was added to the alumina slurry to obtain a solid content of alumina hydrate of 7.9 %. The alumina slurry 
had a pH of 9.5. 

55 [0111] The slurry was subjected to pH adjustment by the addition of a 3.9 % nitric acid solution, and colloidal sols 
were prepared under the respective ripening conditions shown in Table 1. The colloidal sols were spray dried at 75°C 
to obtain alumina hydrates A and B as shown in Table 1. 

[01 1 2] The BET specific surface area and the pore volume of these alumina hydrates were measured in the following 
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was used for evaluation as it was lowest among four colors in all the examples). 
8-2-3) Bleeding, beading and repelling 

5 [0105] The bleeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y. M, C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100 %. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as "B"; and a specimen in which such defects were recognized under the same condition was ranked 

10 as "C". 

8-2-4) Dot gain 

[0106] After printing complicated KAN J I characters such as 

15 

tl i|g ft M j| « 

and the like with Y M, C and Bk inks either in angle-color printing or in multi-color combination, the recorded image was 
20 evaluated by visual observation. The ink amount at the single-color printing was taken as 1 00 %. A specimen showing 
sharp characters with dear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with clear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or significantly inferior in quality under the same condition was ranked as "C". 

25 8-2-5) Migration 

[0107] After printing a solid grating pattern having four white lines of a width having 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was let to stand for 7 days in an envi- 
30 ronmental conditions of 30°C and 80 % RH, and was then evaluated by visual observation. A specimen in which white 
lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were kept 
without being filled in was ranked as "B"; and a specimen in which the white lines of 5 mm were filled in by bleeding was 
ranked as 

35 8-2-6) Halftone reproducibility 

[0108] A black gradation pattern of 0 to 300 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen in which a halftone was formed without change 
in hue from black to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
40 than gray was evaluated as *(T. 

8-2-7) Circularity 

[0109] Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
45 were measured by a microscope, and the circularity was defined by "d/D". 

Preparative Examples 1 and 2 

Preparation of alumina hydrate A and B: 

50 

[0110] Aluminum dodexyde was prepared by a method described in U.S. Patent No. 4,242,271. Then, aluminum 
dodexyde was hydrolyzed according to a method described in U.S. Patent No. 4,202,870 to obtain an alumina slurry. 
Then, water was added to the alumina slurry to obtain a solid content of alumina hydrate of 7.9 %. The alumina slurry 
had a pH of 9.5. 

55 [01 1 1 ] The slurry was subjected to pH adjustment by the addition of a 3.9 % nitric acid solution, and colloidal sols 
were prepared under the respective ripening conditions shown in Table 1. The colloidal sols were spray dried at 75°C 
to obtain alumina hydrates A and B as shown in Table 1. 

[01 1 2] The BET specific surface area and the pore volume of these alumina hydrates were measured in the following 
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manner. 

[01 1 3] The pore volume (PV) was measured with the nitrogen adsorption-desorption method with an Autosorb (trade 
name, manufactured by Quanthachrome Co.), after degassing the sample for 24 hours at 120°C. 
{01 1 4] The BET specific surface area (SA) was calculated by the m thod of Brunauer et a). 
5 {01 1 5] The obtained results are shown in Table 1 . 



Table 1 



Preparative Example 


1 


2 


Alumina hydrate 


A 


B 


Ripening pH 


6.8 


6.4 


Ripening temp.(°C) 


45 


50 


Ripening period (days) 


20 


10 


Ripening apparatus 


even 


oven 


SAfrrfrg) 


210.5 


185.3 


PV (cm 3 /g) 


0.62 


0.58 


Content (% as AI2O3) 


79.2 


76.5 



Preparative Examples 3 to 6 

25 

Preparation of alumina hydrates C, D, E and F 

[0116] Aluminum dodexyde was prepared by a method described in U.S. Patent No. 4,242,271. Then, aluminum 
dodexyde was hydrolyzed according to a method described in U.S. Patent No. 4,202,870 to obtain an alumina slurry. 

30 "Then water was added to the alumina slurry to obtain a solid content of the alumina hydrate having a boehmite structure 
of 7.9 %. The alumina slurry had a pH of 9.2. The slurry was subjected to pH adjustment by the addition of a 3.9 % nitric 
acid solution, and colloidal sols were prepared under the respective ripening conditions shown in Table 2. The colloidal 
sols were spray dried at 85°C to obtain alumina hydrate powder having a boehmite structure. The obtained an alumina 
hydrate had a boehmite crystal structure and a planar particle form. The physical properties of alumina hydrates C, D, 

35 E and F were measured as explained in the foregoing. The obtained results are shown in Table 2. 



Table 2 



Preparative Example 


3 


4 


5 


6 


Alumina hydrate 


C 


D 


E 


F 


Ripening pH 


6.7 


6.7 


6.4 


6.3 


Ripening temp, (°C) 


47 


49 


50 


50 


Ripening period (days) 


14 


17 


19 


15 


Ripening apparatus 


oven 


oven 


oven 


oven 


Crystallinity 


23.2 


38.5 


76.8 


48.3 


BET surface area (rrP/g) 


200 


210 


235 


190 


Pore volume (cm 3 /g) 


0.65 


0.75 


0.31 


0.92 


Average aspect ratio 


5 


7 


9 


6 


Ave. particle diameter (nm) 


21 


33 


40 


13 


Content (% as Al 2 0 3 ) 


79.2 


79.4 


78.8 


78.7 
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manner. 

[01 1 3] The pore volume (P V) was measured with the nitrogen adsorption-desorption method with an Autosorb (trade 
name, manufactured by Quanthachrome Co.). after degassing the sample for 24 hours at 120°C. 
[01 1 4] The BET specific surface area (SA) was calculated by the method of Brunauer et ah 
s [0115] The obtained results are shown in Table 1. 



Table 1 



Preparative Example 


1 


2 


Alumina hydrate 


A 


B 


Ripening pH 


6.8 


6.4 


Ripening temp.(°C) 


45 


50 


Ripening period (days) 


20 


10 


Ripening apparatus 


oven 


oven 


SAOrftg) 


210.5 


185.3 


PV(cm 3 /g) 


0.62 


0.58 


Content (% as AI2O3) 


79.2 


76.5 



Preparative Examples 3 to 6 

26 

Preparation of alumina hydrates C. D, E and F 

[0116] Aluminum dodexyde was prepared by a method described in U.S. Patent No. 4,242,271. Then, aluminum 
dodexyde was hydrolyzed according to a method described in U.S. Patent No. 4,202,870 to obtain an alumina slurry. 

30 Then water was added to the alumina slurry to obtain a solid content of the alumina hydrate having a boehmite structure 
of 7.9 %. The alumina slurry had a pH of 9.2. The slurry was subjected to pH adjustment by the addition of a 3.9 % nitric 
acid solution, and colloidal sols were prepared under the respective ripening conditions shown in Table 2. The colloidal 
sols were spray dried at 85°C to obtain alumina hydrate powder having a boehmite structure. The obtained an alumina 
hydrate had a boehmite crystal structure and a planar particle form. The physical properties of alumina hydrates C, O, 

35 E and F were measured as explained in the foregoing. The obtained results are shown in Table 2. 



Table 2 



Preparative Example 


3 


4 


5 


6 


Alumina hydrate 


C 


D 


E 


F 


Ripening pH 


6.7 


6.7 


6.4 


6.3 


Ripening temp. (°C) 


47 


49 


50 


50 


Ripening period (days) 


14 


17 


19 


15 


Ripening apparatus 


oven 


oven 


oven 


oven 


Crystallinity 


23.2 


38.5 


76.8 


48.3 


BET surface area (rrfrg) 


200 


210 


235 


190 


Pore volume (cm 3 /g) 


0.65 


0.75 


0.31 


0.92 


Average aspect ratio 


5 


7 


9 


6 


Ave. particle diameter (nm) 


21 


33 


40 


13 


Content (% as AJ2O3) 


79.2 


79.4 


78.8 


78.7 
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Example 1 

[01 1 7] 3.8 parts by weight of zirconium oxychloride hydrate (ZC) (8.0 % by weight converted as ZK) 2 ) and 11 0 parts 
by weight of an alumina hydrate were added in succession to 390 parts by weight of ion exchanged water, and the mix- 

5 ture was stirred for 30 minutes with a dispersing apparatus (TXRobomix Homodisper type 2.5, trade name, a product 
of Tokushu Kika Kogyo Co.) at 1,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10% aqueous 
solution of polyvinyl alcohol (P VA) (GH-1 7, trade name, a product of Nippon Synthetic Chemicals Co.) were mixed. The 
mixture was further stirred for 30 minutes to obtain an alumina dispersion with a weight ratio (P/B) of the alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

10 [01 1 8J The physical properties of the alumina dispersion were evaluated with the methods described in the foregoing, 
and the obtained results are summarized in Table 3. 

Examples 2 to 5 

is [01 1 9] Alumina dispersions were prepared in the same manner as in the example 1 , except that the added amount 
of zirconium oxychloride (ZC) was changed to 1.13 x 10* 3 part by weight for Example 2, to 0.021 part by weight for 
Example 3, to 20.2 parts by weight for Example 4, and to 41.3 parts by weight for Example 5. Results of similar evalu- 
ations are shown in Table 3. 

20 Examples 6 and 7 

[0120] Alumina dispersions were prepared in the same manner as in the example 1 , except that zirconium oxychloride 
hydrate (ZC) and the added amount thereof were changed to zirconyl nitrate hydrate (ZN, 46.0 % in content converted 
as Zr0 2 ) and 1.8 part by weight, respectively, for Example 6, and to zirconyl acetate (ZA. 54.7 % in content converted 
25 as Zr0 2 ) and 1 .5 part by weight, respectively, for Example 7. Results of similar evaluations are shown in Table 3. 

Examples 8 to 11 

[0121 ] Alumina dispersions were prepared in the same manner as in Example 6, except that the alumina hydrate in 
30 Example 6 was replaced by alumina hydrate B and the added amount of a 10 % aqueous solution of polyvinyl alcohol 
was changed to 917 parts by weight for Example 8, to 367 parts by weight for Example 9, to 55.0 parts by weight for 
Example 10, and to 39.3 parts by weight for Example 1 1 . Results of similar evaluations are shown in Table 3. 

Examples 12 and 13 

35 

[0122] Alumina dispersions were prepared in the same wanner as in the example 6, except that the alumina hydrate 
in the example 6 was replaced by alumina hydrate B and the 10 % aqueous solution of polyvinyl alcohol and the added 
amount thereof were changed to a 10 % aqueous solution of polyvinyl pyrrolidone (K-90, trade name, a product of 
Gokyo Sangyo Co.) with a same amount for Example 12, and to a mixture of 28.7 parts by weight of polyvinyl acetate 
40 resin emulsion (Saibinol AS-550, trade name, a product of Saide Chemical Co.; solid content 54.7 % by weight) and 
128.3 parts by weight of ion exchanged water, respectively, for Example 13. Results of similar evaluations are shown in 
Table 3. 
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55 
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Example 1 

[01 17] 3.8 parts by weight of zirconium oxychloride hydrate (ZC) (8.0 % by weight converted as ZrO^ and 1 1 0 parts 
by weight of an alumina hydrate were added in succession to 390 parts by weight ol ion exchanged water, and the mix- 

5 ture was stirred for 30 minutes with a dispersing apparatus (T.K.Robomix Homodisper type 2.5, trade name, a product 
of Tokushu Kika Kogyo Ca) at 1 ,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10% aqueous 
solution of polyvinyl alcohol (PVA) (GH-1 7. trade name, a product of Nippon Synthetic Chemicals Co.) were mixed. The 
mixture was further stirred for 30 minutes to obtain an alumina dispersion with a weight ratio (P/B) of the alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

10 [01 1 8] The physical properties of the alumina dispersion were evaluated with the methods described in the foregoing, 
and the obtained results are summarized in Table 3. 

Examples 2 to 5 

75 [01 1 9] Alumina dispersions were prepared in the same manner as in the example 1 , except that the added amount 
of zirconium oxychloride (ZC) was changed to 1.13 x 10~ 3 part by weight for Example 2, to 0.021 part by weight for 
Example 3, to 20.2 parts by weight for Example 4, and to 41 .3 parts by weight for Example 5. Results of similar evalu- 
ations are shown in Table 3. 

20 Examples 6 and 7 

[01 20] Alumina Aspersions were prepared in the same manner as in the example 1 , except that zirconium oxychloride 
hydrate (ZC) and the added amount thereof were changed to zirconyl nitrate hydrate (ZN, 46.0 % in content converted 
as ZrO^ and 1 .8 part by weight respectively, for Example 6. and to zirconyl acetate (ZA, 54.7 % in content converted 
25 as Zr0 2 ) and 1 .5 part by weight, respectively, for Example 7. Results of similar evaluations are shown in Table 3. 

Examples 8 to 1 1 

[0121] Alumina dispersions were prepared in the same manner as in Example 6, except that the alumina hydrate in 
30 Example 6 was replaced by alumina hydrate B and the added amount of a 1 0 % aqueous solution of polyvinyl alcohol 
was changed to 917 parts by weight for Example 8, to 367 parts by weight for Example 9, to 55.0 parts by weight for 
Example 10, and to 39.3 parts by weight for Example 1 1 . Results of similar evaluations are shown in Table 3. 

Examples 12 and 13 

35 

[0122] Alumina dispersions were prepared in the same manner as in the example 6, except that the alumina hydrate 
in the example 6 was replaced by alumina hydrate Band the 10% aqueous solution of polyvinyl alcohol and the added 
amount thereof were changed to a 10 % aqueous solution of polyvinyl pyrrolidone (K-90, trade name, a product of 
Gokyo Sangyo Co.) with a same amount for Example 12, and to a mixture of 28.7 parts by weight of polyvinyl acetate 
40 resin emulsion (Saibinol AS-550, trade name, a product of Saide Chemical Ca; solid content 54.7 % by weight) and 
128.3 parts by weight of ion exchanged water, respectively, for Example 13. Results of similar evaluations are shown in 
Table 3. 
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Example 14 

50 

[0123] 1 .8 parts by weight of zirconyl nitrate hydrate (ZN: 46.0 % converted as ZrOa content), 1 1 0 parts by weight of 
alumina hydrate B and 0.65 parts by weight of formic acid were added in succession to 390 parts by weight of ion 
exchanged water, and the mixture was stirred for 30 minutes with a dispersing apparatus (T.K.Robomix Homodisper 
type 2.5, trade name, a product of Tokushu Kika Kogyo Co.) at 1,500 rpm. Then, while the stirring was continued under 
55 the same condition, 157 parts by weight of a 10% aqueous solution of polyvinyl alcohol (PVA) (GH-1 7, trade name, a 
product of Nippon Synthetic Chemicals Co.) were mixed, and the mixture was further stirred lor 30 minutes to obtain 
alumina dispersion having a weight ratio (P/B) of an alumina hydrate to a polymer of 7/1 and a solid content of 19.7 % 
by weight. 
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Example 14 

50 

[01 23] 1.8 parts by weight of zirconyl nitrate hydrate (ZN: 46.0 % converted as 7x02 content). 1 1 0 parts by weight of 
alumina hydrate B and 0.65 parts by weight of formic acid were added in succession to 390 parts by weight of ion 
exchanged water, and the mixture was stirred for 30 minutes with a cfispersing apparatus (T.K.Robomix Homodisper 
type 2.5, trade name, a product of Tokushu Kika Kogyo Co.) at 1,500 rpm. Then, while the stirring was continued under 
55 the same condition, 157 parts by weight of a 10% aqueous solution of polyvinyl alcohol (PVA) (GH-1 7, trade name, a 
product of Nippon Synthetic Chemicals Co.) were mixed, and the mixture was further stirred for 30 minutes to obtain 
alumina dispersion having a weight ratio (P/B) of an alumina hydrat to a polymer of 7/1 and a solid content of 19.7 % 
by weight. 
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[01241 The physical properties of the above alumina dispersion were evaluated with the methods described in the 
foregoing, and the obtained results are summarized in Tabl 4. 

Examples 15 to 17 

5 

[0125] Murnana dispersions were prepared in the same manner as in the example 1 4, except that the added amount 
of formic acid was changed to 0.030 part by weight for Example 1 5, to 28.6 parts by weight for Example 1 6, and to 46.0 
parts by weight for Example 17. Results of similar evaluations are shown in Table 4. 

10 Examples 18 and 19 

[0126] Alumina dispersions were prepared in the same manner as in the example 14, except that formic acid and the 
added amount thereof in the example 14 were changed to 1.26 parts by weight of lactic acid for Example 18, and to 
1 .75 parts by weight of oxalic acid for Example 19. Results of similar evaluations are shown in Table 4. 



Table 4 
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Example 20 

45 [0127] 3.8 parts by weight of zirconium oxy chloride hydrate (ZC content: 38.0 % by weight converted as oxide) and 
1 1 0 parts by weight of alumina hydrate C were added in succession to 390 parts by weight of ion exchanged water, and 
the mixture was stirred for 30 minutes with a dispersing apparatus (T.K. Robomix Homodisper type 2.5, trade name, a 
product of Tokushu Kika Kogyo Co.) at 1,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10 % 
aqueous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were 

so mixed. The mixture was further stirred for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

[0128] The coating liquid mentioned above was gravure-coated at a coating speed of 10 m/min to transparent and 
opaque PET films having a thickness of 100 um (Lumirror, trade name, a product of Toray Co.), as a substrate, under a 
corona discharge treatment and was dried at 1 20°C to obtain a ink receiving layer with a dry thickness of 40 fim, thereby 
55 obtaining the recording medium of the present invention. The obtained recording medium dfid not show a presence of 
an Al-O-Zr bond in the ESCA measurement. The physical properties were measured with the methods described 
above, and the obtained results are howninTaW 5. 
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[0124] The physical properties of the above alumina dispersion were evaluated with the methods described in the 
foregoing, and the obtained results are summarized in Table 4. 

Examples 15 to 17 

[0125] Alumina dispersions were prepared in the same manner as in the example 1 4, except that the added amount 
of formic acid was changed to 0.030 part by weight for Example 1 5, to 28.6 parts by weight for Example 1 6, and to 46.0 
parts by weight for Example 17. Results of similar evaluations are shown in Table 4. 

Examples 18 and 19 

[0126] Alumina dispersions were prepared in the same manner as in the example 14, except that formic acid and the 
added amount thereof in the example 14 were changed to 1.26 parts by weight of lactic acid for Example 18, and to 
1 .75 parts by weight of oxalic acid for Example 1 9. Results of similar evaluations are shown in Table 4. 



Table 4 
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Example 20 

[0127] 3.8 parts by weight of zirconium oxychloride hydrate (ZC content: 38.0 % by weight converted as oxide) and 
1 1 0 parts by weight of alumina hydrate C were added in succession to 390 parts by weight of ion exchanged water, and 
the mixture was stirred for 30 minutes with a dispersing apparatus (T.K. Robomix Homodisper type 2.5, trade name, a 
product of Tokushu Kika Kogyo Co.) at 1,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10 % 
aqueous solution of polyvinyl alcohol (Gosenol GH-1 7, trade name, a product of Nippon Synthetic Chemicals Co.) were 
mixed. The mixture was further stirred for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

[0128] The coating liquid mentioned above was gravure-coated at a coating speed of 10 m/min to transparent and 
opaque PET films having a thickness of 1 00 \im (Lumirror, trade name, a product of Toray Co.), as a substrate, under a 
corona discharge treatment and was dried at 1 20°C to obtain a ink receiving layer with a dry thickness of 40 urn, thereby 
obtaining the recording medium of the present invention. The obtained recording medium cfid not show a presence of 
an Al-O-Zr bond in the ESCA measurement. The physical properties were measured with the methods described 
above, and the obtained results are shown in Table 5. 
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Examples 21 to 23 

[0129] Recorcfing media were prepared in the same manner as in the example 20, except that alumina hydrate in the 
example 20 was respectively replaced by alumina hydrates D t E and F of the Preparative Examples 4 to 6. The obtained 
5 recording medium did not show a presence of an Al-OZr bond in the ESCA measurement. The physical properties 
measured in a similar manner are shown in Table 5. 

Examples 24 to 25 

io [0130] Recording mecfia were prepared in the same manner as in the example 20, except that the addition amount of 
ZC in the example 20 was changed to 0.021 part by weight for Example 24, and to 20.2 parts by weight for Example 
25. The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The phys- 
ical properties measured in a similar manner are shown in Table 5. 

15 Examples 26 and 27 

[0131] Recording media were prepared in the same manner as in the example 20, except that ZC and the addition 
amount thereof in the example 20 were changed to 1 .8 part by weight of zirconyl nitrate (ZN content: 46.0 % converted 
in oxide) for Example 26, and to 1 .5 part by weight of zirconyl acetate (ZA content: 54.7 % converted in oxide) for Exam- 
20 pie 27. The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement The 
physical properties measured in a similar manner are shown in Table 5. 
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Examples 21 to 23 

[0129J Recording media were prepared in the same manner as in the example 20, except that alumina hydrate in the 
exampl 20 was respectively replaced by alumina hydrates D, E and F of the Preparative Examples 4 to 6. The obtained 
s recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The physical properties 
measured in a similar manner are shown in Table 5. 

Examples 24 to 25 

w [0130] Recording media were prepared in the same manner as in the example 20. except that the addition amount of 
ZC in the example 20 was changed to 0.021 part by weight for Example 24, and to 20.2 parts by weight for Example 
25. The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The phys- 
ical properties measured in a simitar manner are shown in Table 5. 

15 Examples 26 and 27 

[0131] Recording media were prepared in the same manner as in the example 20, except that ZC and the addition 
amount thereof in the example 20 were changed to 1 .8 part by weight of zirconyl nitrate (ZN content: 46.0 % converted 
in oxide) for Example 26, and to 1 .5 part by weight of zirconyl acetate (ZA content: 54. 7 % converted in oxide) for Exam- 
20 pie 27. The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The 
physical properties measured in a similar manner are shown in Table 5. 
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Example 28 

(01 32] 1 .8 part by weight of ZN, 1 1 0 parts by weight of alumina hydrate B and 0.65 part by weight of formic acid were 
added in succession to 390 parts by weight of ion exchanged water, and the mixture was stirred for 30 minutes with a 
dispersing apparatus (T.K. Robomix Homodisper type 2.5, trade name, a product of Tokushu Kika Kogyo Co.) at 1 ,500 
rpm. Then, while stirring it under the same condition, 1 57 parts by weight of 1 0 % aqueous solution of polyvinyl alcohol 
(Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were mixed. The mixture was stirred fur- 
ther for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina hydrate to a polymer of 7/1 and 
a solid content of 19.7 % by weight. 

[0133] The coating liquid mentioned above was gravure coated at a coating speed of 10 m/min to transparent and 
opaque PET films of a thickness of 100 um (Lumirror, trade name, a product of Toray), as a substrate, under a corona 
discharge treatment and was dried at 120°C to obtain an ink receiving layer having a dry thickness of 40 \un, thereby 
obtaining the recording medium of the present invention. The. obtained recording medium cfid not show a presence of 
an Al-O-Zr bond in the ESCA measurement. The physical properties were measured with the methods described 
above, and the obtained results are shown in Table 6. 

Examples 29 and 30 

[0134] Recording media were prepared in the same manner as in the example 28, except that the addition amount of 
formic acid was changed to 0.030 part by weight for Example 29, and to 28.6 parts by weight for Example 30. The 
obtained recording medium did not show a presence an of Al-OZr bond in the ESCA measurement. The physical prop- 
erties measured in a similar manner are shown in Table 6. 

Examples 31, 32 

[0135] Recording media were prepared in the same manner as in the example 30. except that formic acid and the 
addition amount thereof in Example 28 were changed to 1 .26 part by weight of lactic acid for Example 31 , and 1 .75 
parts by weight of oxalic acid for Example 32. The obtained recording medium did not show a presence of an Al-OZr 
bond in the ESCA measurement. The physical properties measured in a similar manner are shown in Table 6. 

Comparative example 1 

[0136] While stirring 500 parts by weight of pseudo-boehmite sol (Cataloid AS-3, trade name, a product of Shokubai 
Kasei Kogyo Co., with a solid content of 7 % by weight) were stirred with a dispersing apparatus (T.K. Robomix Homo- 
disper type 2.5, trade name, a product of Tokushu Kika Kogyo Co.) at 2,500 rpm, and 50 parts by weight of a 1 0% aque- 
ous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were 
added. The mixture was further stirred for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina 
hydrate to a polymer of 7/1 and a solid content of 7.3 % by weight. 

[0137] Thereafter, a recording medium was obtained in the same manner as in Example 20. The physical properties 
were measured with the methods described above, and the obtained results are shown in Table 6. 

Comparative example 2 

[0138] 1 .7 part by weight of ZC and 500 parts by weight of an amorphous alumina sol (Alumina Sol 100, trade name, 
a product of Nissan Chemical Industries Co., with a solid content 10 % by weight) were added in succession to 214 
parts by weight of ion exchanged water, and the mixture was stirred for 30 minutes with a dispersing apparatus (T.K. 
Robomix Homodisper type 2.5. trade name, a product of Tokushu Kika Kogyo Co.) at 3,000 rpm, and, while stirring it at 
4,000 rpm, 50 parts by weight of a 10% aqueous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product 
of Nippon Synthetic Chemicals Co.) were added. The mixture was further stirred for 30 minutes to obtain a coating liquid 
having a weight ratio (P/B) of an amorphous alumina to a polymer of 7/1 and a solid content of 7.5 % by weight 
[0139] Thereafter, a recording medium was obtained in the same manner as in Example 20. The physical properties 
were examined with the methods described above, and the obtained results are shown in Table 6. 

Comparative example 3 

[0140] Recording medium was prepared in the same manner as Example 20, except that the alumina hydrate A in 
the example 20 was replaced by silica (Mizucasil P-78A, trade nam , a product of Mizusawa Chemical Industries Co.). 
The physical properties were measured with the methods described above, and the obtained results are shown in Table 
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[0141] The recording medium of the present invention has a wide range of from selection of inks, shows little migration 
or bleeding, also shows a high optical density at the printed areas and satisfactory glossiness and transparency, and is 
excellent in halftone reproduction particularly in th output of a photographic image. Also, the coating liquid of the 
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[0141 ] The recx>itJin9 medium of the present invention has a wide range of from selection of inks, shows little migration 
or bleeding, also shows a high optical density at the printed areas and satisfactory glossiness and transparency, and is 
excellent in halftone reproduction particularly in the output of a photographic image. Also, the coating liquid of the 
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present invention Is excellent in the stability of dispersion, also is free from corrosion problem because of a high pH 
value and is capable of easily producing the recording medium without requiring any particular manufacturing facility. 
[0142] Furthermore, the alumina dispersion of the present invention has excellent binding property and shaping prop- 
erty, also has a high solid content with a low viscosity, is excellent in stability of the dispersion and has a long pot frf e. 
5 [0143] Also, the alumina dispersion of the present invention can be easily produced without requiring any particular 
manufacturing facility. 

[0144] Provided is a recording medium provided with an ink receiving layer on a substrate, wherein said ink receiving 
layer comprises an alumina hydrate having a boehmite structure and a non-coupling zirconium compound. 

io Claims 

I . A recording medium provided with an ink receiving layer on a substrate, wherein said ink receiving layer comprises 
an alumina hydrate having a boehmite structure and a non-coupling zirconium compound. 

is 2. The recording medium accorcfing to claim 1, wherein said zirconium compound is an inorganic salt and/or an 
organic acid salt of zirconium. 

3. The recording medium according to claim 1, wherein the ratio of a weight of said zirconium compound converted 
into Zr0 2 to a weight of said alumina hydrate converted into AI2O3 (Zr0 2 /A! 2 03) is within a range of from 1 .0 x 10" 

20 4 to 1.0 xW 1 . 

4. The recording medium according to claim 1 , wherein said ink receiving layer further comprises one or more organic 
acids. 

25 5. The recording medium according to claim 4, wherein said organic acid is contained within a range of from 5.0 x 1 0" 
4 to 1 .0 mol/g based on the weight of the zirconium compound converted into 2r0 2 . 

6. The recording medium according to claim 1, wherein said alumina hydrate has an average particle diameter or an 
average particle length within a range of from 1 to 50 nm. 

30 

7. The recording medium according to claim 1, wherein said alumina hydrate has an average aspect ratio within a 
range of from 3 to 10. 

8. The recording medium according to claim 1 , wherein said alumina hydrate has a crystaliinity within a range of from 
35 15 to 80. 

9. The recording medium according to claim 1 , wherein a degree of parallelization between microcrystals of said alu- 
mina hydrate and plane direction of the ink receiving layer is at not less than 1 .5. 

40 10. The recording medium according to claim 1 , wherein said alumina hydrate has a BET specific surface area within 
a range of from 40 to 500 nrr^/g. 

I I . The recording medium according to claim 1 , wherein said alumina hydrate has a pore volume within a range of from 
0.1 to 1.0 cm?/g. 

45 

1 2. The recording medium according to claim 1 , wherein said ink receiving layer further comprises a binder. 

13. The recording medium according to claim 1, wherein a mixing ratio by weight of the alumina hydrate to a binder is 
within a range of from 1 :1 to 30:1 . 

50 

14. The recording medium according to claim 1, wherein a mixing ratio in weight of the alumina hydrate to a binder is 
within a range of from 3:1 to 20:1 . 

1 5. The recording medium according to claim 1 , wherein said ink receiving layer has a BET specific surface area within 
55 a range of from 40 to 450 mfyg. 

16. The recording medium according to claim 1, wherein said ink receiving layer has a pore volume within a range of 
from 0.1 to 1.0cm 3 /g. 
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present invention is excellent in the stability of dispersion, also is free from corrosion problem because of a high pH 
value and is capable of easily producing the recording medium without requiring any particular manufacturing facility. 
[0142] Furthermore, the alumina dispersion of the present invention has excellent binding property and shaping prop- 
erty, also has a high solid content with a low viscosity, is exc llent in stability of the dispersion and has a long pot life. 
s [0143] Also, the alumina dispersion of the present invention can be easily produced without requiring any particular 
manufacturing facility. 

[0144] Provided is a recording medium provided with an ink receiving layer on a substrate, wherein said ink receiving 
layer comprises an alumina hydrate having a boehmite structure and a non-coipling zirconium compound. 

10 Claims 

I . A recording medium provided with an ink receiving layer on a substrate, wherein said ink receiving layer comprises 
an alumina hydrate having a boehmite structure and a non-coupling zirconium compound. 

is 2. The recording medium according to claim 1, wherein said zirconium compound is an inorganic salt and/or an 
organic acid salt of zirconium. 

3. The recording medium according to claim 1 , wherein the ratio of a weight of said zirconium compound converted 
into Zr0 2 to a weight of said alumina hydrate converted into Al 2 0 3 (Z1O2/AI2O3) is within a range of from 1 .0 x 10" 

20 4 to1.0x10' 1 . 

4. The recording medium according to claim 1 , wherein said ink receiving layer further comprises one or more organic 
acids. 

25 5. The recording medium according to claim 4, wherein said organic acid is contained within a range of from 5.0 x 1 0" 
4 to 1 .0 mol/g based on the weight of the zirconium compound converted into ZK) 2 . 

6. The recording medium according to daim 1 , wherein said alumina hydrate has an average particle diameter or an 
average particle length within a range of from 1 to 50 nm. 

30 

7. The recording medium according to claim 1, wherein said alumina hydrate has an average aspect ratio within a 
range of from 3 to 10. 

8. The recording medium according to claim 1 , wherein said alumina hydrate has a crystallinity within a range of from 
35 15 to 80. 

9. The recording medium according to claim 1 , wherein a degree of parallelization between microcrystals of said alu- 
mina hydrate and plane direction of the ink receiving layer is at not less than 1 .5. 

40 10. The recording medium according to daim 1 , wherein said alumina hydrate has a BET specific surface area within 
a range of from 40 to 500 n^/g. 

I I . The recording medium according to daim 1 , wherein said alumina hydrate has a pore volume within a range of from 
0.1to1.0cm 3 /g. 

45 

12. The recording medium according to claim 1 , wherein said ink receiving layer further comprises a binder. 

13. The recording medium according to daim 1 , wherein a mixing ratio by weight of the alumina hydrate to a binder is 
within a range of from 1 :1 to 30:1 . 

50 

14. The recording medium according to claim 1 , wherein a mixing ratio in weight of the alumina hydrate to a binder is 
within a range of from 3:1 to 20:1 . 

1 5. The recording medium according to claim 1 , wherein said ink receiving layer has a BET specific surface area within 
55 a range of from 40 to 450 nr^/g. 

16. The recording medium according to claim 1 , wherein said ink receiving layer has a pore volume within a range of 
from 0.1 to 1.0 cm 3 /g. 
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1 7. An image forming method by ejecting an ink from a minute orifice and depositing said ink on a recording medium, 
thereby forming a print, which comprises using the recording medium according to any ne of claims 1 to 1 6. 

18. The image forming method according to claim 17, wherein an ink droplet is ejected by applying thermal energy to 
the ink. 

19. A method for producing a recordng medium by forming an ink receiving layer on a substrate, which comprises 
applying and drying, on the substrate, a dispersion comprising an alumina hydrate having a boehmite structure, a 
non-coupling zirconium compound and a binder, thereby forming the ink receiving layer. 

20. The method for producing a recording medium according to claim 19, wherein said dispersion further comprises 
one or more organic acids. 

21. An alumina dispersion comprising an alumina hydrate, a binder and an inorganic salt and/or an organic acid salt of 
zirconium. 

22. The alumina dispersion according to claim 21, wherein a ratio of a weight of said zirconium compound converted 
into Zr0 2 to a weight of said alumina hydrate converted into AI2O3 (ZrCVAIgOa) is within a range of from 1 .0 x 10' 
4 to1.0xl0" 1 . 

23. The alumina dispersion according to claim 21 , wherein a mixing ratio by weight of the alumina hydrate to the binder 
is within a range of from 1 :1 to 30:1. 

24. The alumina dispersion according to any one of claims 21 to 23, comprising one or more organic acids. 

25. The alumina dispersion according to claim 24, wherein said organic acid is contained within a range of from 5.0 x 
1 0" 4 to 1 .0 mol/g based on the weight of the zirconium compound converted into Zr0 2 . 

26. A method for producing an alumina dispersion, which comprises mixing and dispersing a binder in a dispersion 
comprising an alumina hydrate and an inorganic salt and/a an organic acid salt of zirconium. 

27. The method for producing alumina dispersion according to claim 26, wherein the ratio of a weight of said zirconium 
compound converted into Zr0 2 to a weight of said alumina hydrate converted into Al 2 0 3 (ZrOg/AfeCy is within a 
range of from 1 .0 x 1 0" 4 to 1 .0 x 10* 1 . 

28. The method for producing alumina dispersion according to claim 26, wherein a mixing ratio by weight of the alumina 
hydrate to the binder is within a range of from 1 :1 to 30:1 . 

29. The method for producing alumina dispersion according to any one of claims 26 to 28, wherein said dispersion 
comprises one or more organic acids. 

30. The method for producing alumina dispersion according to claim 29, wherein said organic acid is contained within 
a range of from 5.0 x 10~ 4 to 1 .0 mol/g based on the weight of the zirconium corrpound converted into Zr0 2 . 
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17. An image forming method by ejecting an ink from a minute orifice and depositing said ink on a recording medium, 
thereby forming a print, which comprises using the recording medium according to any one of claims 1 to 1 6. 

18. The image forming method according to claim 17, wherein an ink droplet is ejected by applying thermal energy to 
the ink. 

19. A method for producing a recording medium by forming an ink receiving layer on a substrate, which comprises 
applying and drying, on the substrate, a dispersion comprising an alumina hydrate having a boehmite structure, a 
non-coupling zirconium compound and a binder, thereby forming the ink receiving layer. 

20. The method for producing a recording medium according to claim 19, wherein said dispersion further comprises 
one or more organic acids. 

21. An alumina dispersion comprising an alumina hydrate, a binder and an inorganic salt and/or an organic acid salt of 
zirconium. 

22. The alumina dispersion according to claim 21, wherein a ratio of a weight of said zirconium compound converted 
into Zr0 2 to a weight of said alumina hydrate converted into Al 2 0 3 (Zr0 2 /AI 2 C>3) is within a range of from 1 .0 x 10" 
4 to1.0xl0' 1 . 

23. The alumina dispersion according to claim 21 , wherein a mixing ratio by weight of the alumina hydrate to the binder 
is within a range of from 1 :1 to 30:1. 

24. The alumina dispersion according to any one of claims 21 to 23, comprising one or more organic acids. 

25. The alumina dispersion according to claim 24, wherein said organic acid is contained within a range of from 5.0 x 
10~ 4 to 1 .0 mol/g based on the weight of the zirconium compound converted into Zr0 2 . 

26. A method for producing an alumina dispersion, which comprises mixing and dispersing a binder in a dispersion 
comprising an alumina hydrate and an inorganic salt and/or an organic acid salt of zirconium. 

27. The method for producing alumina dispersion according to claim 26, wherein the ratio of a weight of said zirconium 
compound converted into Zr0 2 to a weight of said alumina hydrate converted into Al 2 0 3 (ZKVAI2O3) is within a 
range of from 1 .0 x 10' 4 to 1 .0 x 10' 1 . 

28. The method for producing alumina dispersion according to claim 26, wherein a mixing ratio by weight of the alumina 
hydrate to the binder is within a range of from 1 :1 to 30:1. 

29. The method for producing alumina dispersion according to any one of claims 26 to 28, wherein said dispersion 
comprises one or more organic acids. 

30. The method for producing alumina dispersion according to claim 29, wherein said organic acid is contained within 
a range of from 5.0 x 10" 4 to 1.0 mol/g based on the weight of the zirconium compound converted into Zr0 2 . 
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